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PREFACE. 



The application of the section of a cylinder to the construction 
of the face- moulds of a hand-rail originated with the late Mr. 
P. Nicholson. It has, however, been found, in applying the 
rules laid down by the above writer to practice, that the face- 
moulds given by them were incorrect, that, in fact, the lines 
given as the butt-joint lines of the face-mould were entirely out 
of their proper place, and, consequently, led to the most 
erroneous results. It has also been found that the face-mould 
itself given by the cylindrical section is not of the most 
advantageous form, in point of economy, that may be employed 
in cutting the wreath out of the plank. The construction of 
the Hand-rail upon the principles of the Orthogonal System is 
more economical, and the face-mould is more easily applied to 
the plank. The principles of this system were laid by the 
author before the Society of Arts, for- which he was awarded 
the large Silver Medal. In the following pages, the pro- 
blems necessary in the construction of hand-rails upon the 
principles of the Orthogonal System will be found to be solved 
in the simplest possible manner ; for instance, the problem 
for determining the direction of the ordinates in the con- 
struction of the face-moulds is solved with four lines, which 
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is less than one-third of the number employed by Nicholson 
for the same purpose. The construction of the butt-joint 
lines of the hand-rail upon strict geometrical principles, the 
determination of the scroll from the logarithmical spiral, and 
several other new and interesting details, originating with 
the writer, will be found distributed throughout the work. 

In the department devoted to the construction of Stairs, 
the author must confess that little is added that was not 
previously known. It was only for the sake of obviating the 
necessity of referring the reader to other, and more expensive, 
works that this part was introduced. The main object of the 
writer being to give a system of hand-railing, simple, econo- 
mical, and upon correct principles ; if, in the introduction of 
the Orthogonal System he has succeeded, his object is fully 
accomplished. 

J. JEAYS. 



May, 1850. 
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THE CONSTRUCTION OF STAIRS. 



PART I. 

Article 1. In treating of the construction of stairs, 
it is intended to give the different processes as they occur 
in practice. The proportion of the height of a step to its 
breadth, and the absolute dimensions of the step, are matters 
of the highest importance in the formation of stairs, a general 
rule will, therefore, be given to determine them. 

GENERAL THEOREM FOR DETERMINING THE 
HEIGHT OR BREADTH OF A STEP. 

2. The steps of stairs vary in their breadth from eight 
to fifteen or sixteen inches, and in their height from four 
to eight or nine inches, the most commodious step appears 
to be one of ten or eleven inches in breadth, with a height 
of five or six inches, the height of the step diminishing in 
an inverse ratio as its breadth increases. 

Let R represent the riser, and T the tread of a step, 
the proportions of which have been determined, and r and 
t the riser and tread of a required step ; by having the 
two values R and T, we are enabled to find a fourth, pro- 
portional to another given value r or t. That is, if we 
have the height r of the riser given, we are enabled to find 
the breadth t of the tread, or if we have the breadth t of 
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Z PROPORTIONS OP STEPS. 

the tread given, we are enabled to find the height r of 
the yiser, by the following proportions : — 

r : R : : T : t; 
t : T : : R : r. 

The value of the fourth or last quantity, is found by 
multiplying the second and third quantities together, and 
dividing their product by the first, as expressed in the 
following formula : — 

RT . . (1.) or TR . . (2.) 



accordingly, as the riser or tread of the required step is 
giyep, 

^. Taking, for example, a step eleven inches in breadth 
and six in height as the proportion to find the breadth of 
another step, the given height of which is seven inches. 
Substituting the above numerical values in formula 1, we 
have r equal to seven inches, R the height of the given 
step equal to six inches, and T the breadth of the given 
step equal to eleven inches ; multiplying together the two 
last numbers, eleven and six, we have 66, which being 
divided by seven gives 9.4 nearly, or nine inches and four- 
tenths for the breadth of the step. 

Again, let it be required to ascertain the breadth of a 
step, the height of which is four inches ; substituting 4 for 
r in formula 1, we have 4 ) 66 ( 16.5, or sixteen and a half 
inches for the breadth of a step, having a height of four 
inches. 
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3. Nearly the same procedure as the above, is adopted 
in finding the height of a step when the breadth is given ; 
in examining formulae 1 and 2, it will be seen that the 
prodyct of the same quantities is made use of as the 
diyi(}enn3[ .jjgi both cases, the only variation is. in the divisor. 



THE STORT-ROD. 3 

which in one case is the height of the riser, and in the 
other, the breadth of the tread ; in other respects the two 
formulas are the same. 

Example : — ^Let the breadth of a step be 13 inches, 
required the height; we have 13)66(5.08, or five inches 
nearly for the height of the step. 

It may be here remarked, that there is a limit to the 
height and breadth of a step which cannot, with propriety, 
be passed ; no step ought to be inconveniently high, nor 
unnecessarily wide, extremes either way will be productive 
of an unpleasing effect. The absolute dimensions of steps 
must depend, in some degree, upon the purpose they are 
intended to fulfil. Steps that would answer very well for 
the stairs of small houses, would be ill adapted for houses 
of a larger class, and totally unfit for public buildings in 
general. Workmen need not by any means be confined to 
the dimensions of steps above given, it will, however, be 
found convenient to fix upon some number as a constant, 
for a dividend, and the number 66 is, perhaps sufliciently 
exact for all ordinary purposes. 

THE STORY-ROD. 

4. Before proceeding to lay down the plans of stairs, 
it is necessary to determine upon the number of steps to 
be employed in the story ; this is done by what is termed 
dividing the story-rod : — Take a straight rod of wood, 
sufficiently long to reach from the floor of one story to 
the floor of another, place one end of it upon the floor of 
the lower story, and holding it in a perpendicular direction, 
mark upon it the floor line of the upper story. Then 
previously to dividing the rod, a height must be fixed upon 
for the step, this will, of course, be only an approximation 
to the exact height, which must be determined in the follow- 
ing manner : — With a pair of dividers, having their limbs 
extiended to the intended height of the step> mark the 

b2 



4 THE STORY-ROD. 

dlvi»ltu)« U(>on the story-rod. If this distance exactly measures 
tho rod, wo liare nothing more to do than divide by it, but 
if tlm dlatanoe does not exactly measure the rod, and if it 
it datm^mined that the step shall not exceed this distance 
In liaight> the breadth of the dividers must be lessened, 
until bj repeated trials the rod is measured. With the 
distance, thus found, divide the rod, the number of divisions 
resulting is the number of steps required. 

5. The number of steps may be ascertained arith- 
metically, without referring to the story-rod, in the following 
manner :— Divide the height of the story by the height of 
the step, the number resulting is the number of steps 
to be employed. 

Let, for example, the height of the story be ten feet 
six inches, and the height of the step seven inches ; reducing 
the height of the story into inches, we have ten feet six 
inches, equal to 126 inches, this number divided by 7 gives 
18, or eighteen steps, the number required in the story. 

But if, and this is frequently the case, a remainder is 
left after the division is performed, that is, if the given 
hdght of the step is not an equal part of the height of the 
story, another height must be found for the step by the 
following process : — Divide the height of the story by the 
given height of the step, take the whole number resulting 
from this division, and divide the height of the story by it, 
the number, whole or fractional, resulting, will be the height 
of the step. 

Taking, for example, the height of the story ten feet ten 
inches and a half, and the given height of the step seven 
inches, we have by reduction, ten feet ten inches and a half, 
equal to 130.5 inches, this number divided by 7, gives 18.6 
nearly ; dividing 130.5 by the whole number 18, we have 
7.25, or seven inches and a quarter for the height of the step. 

This process brings out the step higher than the given 
one. If it is intended not to exceed the given step in height, 
^e have only to add one or more, as the case may be, to 
the>whol6 number before the division is performed. 
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PLANS OP STAIRS. O 

6. In cases where an even number of steps is required 
in the story, care must be taken to divide the story^rod into 
an even number of equal parts. The number of steps in a 
staircase cannot, however, in all cases be determined by con- 
sulting alone the story-rod, they will depend, in some measure 
upon the plan and the height of the story taken in conjunction 
with each other. 

THE PLANS OF STAIRS. 

7. The form generally made use of for the plans of 
stairs is that of a rectangular parallelogram. Other forms are 
sometimes employed, but they are chiefly confined to orna- 
mental structures, or buildings of an irregular description. 
In all ordinary cases, the employment of the rectangular paral- 
lelogram for the above purpose is advisable. In laying down 
the plan of a staircase, due regard must be paid to the openings 
of the windows, door-ways, and the like. Where rooms are 
entered by door-ways from the half-space, calculations most 
be made for placing the floors of these rooms at their proper 
height, and this is generally required to be done long before 
the stairs are put up. In cases where half-spaces are employed, 
the upper and lower flights of the same story are generally 
made equal to each other in length. 

8. The annexed figure is a plan of what is termed dog- 
legged stairs, commencing with a curtailed or bull-nosed st^, 
and having one quarter of winder, and a quarter-space. The 
shaded parts represent sections of the newels, the dotted lines 
the risers, and the black lines the projections of the nosings 
of the treads. 

9. For the purpose of illustrating the mode of laying 
down the plan of a staircase, we will consider fig. 1 as not 
determined. Proceeding on this supposition, let the height of 
the story be ten feet eight inches and a quarter, and the height 
of the step as nearly seven inches as the divisions of the 
story-rod will admit of. By proceeding as directed in Art* 5, 
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we have eighteen ateps in the story, and the height of the step 
equal to seven inches and one-eighth, and, hy Art. 2, we hare 
the breadth of the Bt«p answering to this height, rather ex- 
ceeding nine inches. 

These things being detenuiued, proceed to lay down the 
quarter-space and winders, as in fig. 1. Make the quarter- 
space rectangular, and its length and breadth equal to the 
length of the flyers, and make the quarter for the winders of 
the same dimensions as the quarter-space. Find the breadth 
of the winders by diTiding the arc of a circle drawn through 
the middle of the treads, as shown in fig, 1 i after which, draw 
(be flyers of the upper and lower flights, making with the 
winders, quarter- space, and landing, eighteen steps. 

If, in laying down the plan as above, it is found that 
there is not sufficient room upon the landings, that is, if the 
flyers are found to ertend too far, each flight may be shortened 
one step, by introducing winders in the place of the quarter- 
space. If this process does not bring the flights within the 
required limits, the height and breadth of the steps must be 
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altered, or an extra winder must be added, but care must be 
taken not to make the winders too narrow. 

In laying down the plan of the winders, the section of 
the newel must first be drawn ; the nosing lines of the winders 
must then be drawn to the angles of the newel, as is shown in 
fig. 1 ; and the lines of the risers must be drawn at thdr 
proper distance behind the lines of the nosings, as is shown 
in the same figure hj the dotted Unes. 

When the steps are leas than two feet nine inches in 
length, the winders contained in a quarter of a circle ought 
not to exceed three in number, otherwise they become incon- 
venientJy small. 

F1C.2. 
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10. Fig. 2 is the plan of a staircase of continued stairs 
commendng with curved winders and a scrolled step, and 
having winders connecting the upper and lower flights. 

Stairs of this form are frequently employed in houses of the 
first and second class about the metropolis. 

In Art. 9, the plan of the stairs is supposed to be made 
subservient to contingent circumstances ; but in those cases 
where elegance of form is an olfject, as in the principal stairs 
of large houses, the plans are usually determined upon pre* 
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iXfpus^Vc^^to ^.^ (^oatruction of the building, and provisions 
-j^^.)fpi^fftM: them accordingly. 

wt t(. .1 f.i Tjjj, NOSING LINE. 

i'» tfliWri ^rP^^ naethod of laying down the plan of the winders 
g^.^^ti9,ued stairs differs, in some degree, from that of dog* 
Jl^g)^ stjaira, described in Art. 9. The nosings of the winders 
5^, :C(^fl^nu,ed stairs are made to follow a curved line for the 
purpose of giving a beautiful form to the wreathed portions of 
^^^^. ^i^d^rjail and string-board, both of which are made to 
.fpUoy^ith^ steps in curves, similar to that of the nosings, hence 
JjifLjs ^]jQ||Qrtance of a well constructed nosing line. 
^^(1 fljgb 3. is an illustration of the method of determining the 
.^j^i^^u^f^^ oi the ends of the winders in stairs of the form 
^^pjq^^ted by fig. 2. In the plan fig. 2, the steps A and B 
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are called diminished flyers, their winding forms arising from 
«4K!p(^i^taL . circumstances. The breadth of the winders and 
(^ij^ni^hed flyerB are determined in the following manner : — 
J^a^ ,|^ jstr^ht line D G, fig. 3, and upon the end G erect a 
|^^9i^p§;^4)^p^arji G H j; make G H equal in length to thejbeight 
9^'iMw, %^^;,^^ A^^ winders; that is, equal in length to the 
l^isbto^i^^.' ^P^> ^^^ divide it into nine parts. Make the 
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distance from 6 to F equal to the breadth of two steps, and 
make the distance from F to E equal to the circumference of 
the semi-circle around which the ends of the winders meet, and 
make the distance from £ to D equal to the breadth of two 
steps. Erect the perpendiculars E I and F J, and make E I 
equal to the height of two steps, and F J equal to the height of 
seven steps ; that is, to the five winders and the two flyers. 
Join the points D I, IJ, and J H, and ease off the angles 
formed at I and J. The curve thus formed is called the line 
of nosings. 

When the line of nosings is constructed the steps are easily 
determined as follows : — Through every division of the line 
G H draw parallels to D G ; from the points where the 
parallels cut the line of nosings let fall perpendiculars ; the 
point of intersection of each perpendicular, with its contiguous 
paraQel, determines the breadth of the winders. Thus, through 
the first division of G H draw a parallel to D G, from the point 
where this parallel cuts the line of nosings ; let fall a perpen- 
dicular, and the first step will be formed ; again, through the 
second division of G H draw another parallel ; from its point 
of intersection of the line of nosings let fall a perpendicular 
upon the first parallel, and we have the second step formed. 
By proceeding in the same manner, the whole of the steps may 
be determined. 

It may be here noticed, that for the purpose of more 
clearly defining the line of nosings, the steps in fig. 3 are 
drawn to a larger scale than those of the plan, fig. 2. 

12. It will be necessary, here, to explain the method 
of constructing the curves or easii^s made use of, at I and 
J, for the purpose of rounding off the angles of the line 
of nosings. 

Let A B and B C, fig. 4, be two straight lines, forming 
an angle at B : make any number of divisions, 1, 2, 3, upon 
the line A B, make the same number of divisions upon the 
line B C, and join the points 1 1, 2 2, and 3 3 ; a curve drawn 
through the points of intersection of these lines is called a 
parabola. This curve frequently occurs in the construction of 
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Stairs, but fortunately its 
properties, which are dif- 
ficult to be understood, 
need not be here consi- 
F I C . 4 . ^/ dered ; the construction of 

the curve, according to 
the foregoing directions, 
without regard to its na- 
ture, is all that is required 
to be known. 

Other methods of 
reducing the angle to the 
curvilinear form are sometimes given, but the above is gene- 
rally employed, and is applicable in all cases ; we shall, 
however, just mention another. Measure from the point B, 
fig. 4, equal distances along the lines A B and B C ; upon the 
points thus found erect perpendiculars ; these perpendiculars 
win converge towards, and intersect, each other ; their point 
of intersection is the centre of a circle of which the lines 
A B and B C are the tangents. With the centre as above 
found, and either of the converging lines as radius, draw an 
arc, this arc connecting the two lines A B and B C, is the 
curve employed. 

THE SCROLLED STEP. 

13. The first step of geometrical or continued stairs, is 
generally of an ornamental character, the riser and tread of 
which are terminated in a scroll form, similar to the first step 
in the plan, ^^^, 2. As this form is intended to correspond 
with the scroll termination of the hand-rail, it will be found 
advisable to design the scroll of the hand-rail previously 
to that of the step, and then to trace the plan of the 
step from it. 

The method of describing the scroll will be treated of 
in the system of hand-railing ; we shall, therefore, here only 
show the method of putting the parts of the step together, 
leaving the construction of the geometrical lines for the 
present.- - 
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FIG. 5. 




Fig. 5, is the representation of a step of the common 
form, employed for the commencement of the first flight of 
geometrical stairs, shown as it would appear when finished. 
In this example the riser is curved in the form of the hyper- 
bolic spiral ; and the curved form given to the risers of the 
first two or three steps of geometrical or continued stairs, gives 
them a more graceful and finished appearance than they would 
otherwise have. 



FIG. 6. 




14. Fig. 6, is the form of the riser corresponding with the 
st^, fig. 5, showing the mode of preparing the scrolled block. 
This block is generally made up of two or three thicknesses of 
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12 COl^SttttlCtlON OF THE STRING-BOARD. 

wood igi^ed together, and veneered, as shown in the figure. 
The k«^k)Wor cjavetto, which is employed beneath the nosing 
0^ the «tep^' is worked from a board laid upon the edge of the 
riser, and cut to follow its curvature. The hollow and tread 
are then secured to the riser from the under side of the tread 
witb s^ews and glued blocks, as may be required. 

'construction of the string-board, 

t : 1$. The String -board is that part of stairs which 
serves to unite together the ends of the steps. It serves also 
to conceal the rough carriages which pass underneath and sup- 
part Ihd stairs, and, when well constructed, it forms one of 
ti^fHincipal ornaments of the staircase. When flights are of 
eonsider^ble length the carriages made use of are large, and 
f ^quiif^ a eorresponding breadth of string-board to cover them. 
The double-faced or sunk string-board is in such eases neces- 
oary, for the sake of affording relief from the plain appearance 
ithat would otherwise be given. 

TV..'. IS, The surfaces of the string-boards of dog'-legged, and 
opto 4Mwelled stairs, are in straight lines and occupy vertical 
planeS: ; the string-boards of geometrical stairs are made to 
wind around the circular, the elliptical, and every variety of 
plaa' ; they are also made to follow the undulations caused 
by thB Varying breadths of the winding treads. 

'. Strhig-boards are differently denominated close-strings, 
cut^strings, wreathed, and wall-strings. The close-string is 
generally finished with a returned bead upon its lower edge, 
Imd ita^ upper edge is finished with a capping and moulding 
for the reception of the balusters. The cut-string has, 
generidly, a bead upon its lower edge, and may be finished 
with or without brackets, according with the quality of the 
stairs for which it is designed. The wreathed string-board, 
like those mentioned above, has a bead upon its lower edge, 
and ii^ generally finished with brackets; it may be either 
mnk 46 forth a -double face or left plain, but the sunk string 
is ^rAfe^fete' for stiairs of an ornamental character. The 
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wall-string is generally plain, having a bead or mouldie^ tiipoii 
its upper edge, corresponding with the moulding japMe v^ 
of for the skirting of the other parts of the staiiroase.ranid 
landings. < i ' - 

: • - 1 ! ( ; I I 1 

17. The development of the ends of the stepe^.upon 
a plane, affords an accurate guide to the workman in the 
formation of the outline of the string-board. The. mode of 
accomplishing this development is by a process the exact 
reverse of that explained in Art. 11. In fig. 3. Art. 11, the 
line of nosings is given to find the breadth of the winders ; 
in the following process the breadths of the steps are gtv^i 
to find the curvature of the string-board. This of conrs^ 
only relates to the parts of the string-board that ^nirelope 
the ends of winders, the string-boards of fljeits are 
straight, and the mode of setting them out is consequei^tlj 
simple. . < i 

It is the practice of some workmen to construct ^eir 
wreathed string-boards without laying down a development of 
the steps : — A solid block of wood, placed in a vertical position, 
is hollowed out to the form of the well-hole ; or, in cases 
where the well-hole is large, several blocks are glued together, 
and the wreath thus prepared is joined to the straight parte of 
the string-board. It is then notched out on the upper edge 
to the form of the risers and treads, and its lower edge is 
wrought into a curved Hne at a parallel distance from the 
lower angles of the steps. This mode of constructing the 
wreathed string-board cannot be recommended, it is only admis- 
sible in inferior work. The veneered wreath, capable ^ the 
highest finish, and applicable in all cases, is more generally 
adopted, the mode of forming it will, therefore, be fuUy ex- 
plained. It will, however, be necessary first to treat of the 
more simple forms of the string-board, commencing with that 
of dog-legged stairs. 

18. Fig. 7 shows part of the close-string of dogTlegged 
stairs enlarged, but similar to what would bei require fpr Maturs 
of the form shown in fig« 1. The triapgulip Qg^^Aiifi the 
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pitch-board, formed by making one of the sides of a right- 
angled triangle equal to the height, and the other to the 
breadth of the step. The pitch-board is applied in the follow- 
ing manner : — Let the distance, at which the steps are to be 
placed from the edge of the string-board, be determined upon ; 
and through this distance let a parallel to the edge of the 
string-board be drawn ; lay the oblique edge of the pitch-board 
along this line, commencing at the bottom end of the string- 
board, and draw lines by the other two edges of the pitch- 
board, marking out the first step. Remove the pitch-board, 
a distance equal to its own length, along the parallel Hne^ and 
mark out another step ; proceed in the same manner, until all 
the steps are completed. In ^g. 7 the pitch-board, as applied, 
is shown upon the string-board B; and a representation of 
the newel, removed for the purpose of illustrating the method 
of joining it to the string-board, is shown at 0. The bther 
end of the string-board is joined to the upper newel in a similar 
manner. 

A section of the floor and the bull-nosed step a:re shown 
by the shaded parts attached to the newel ; and the dotted 
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lines show the position of the riser, and part of the tread of 
the next step. It is not usual in the inferior kinds of dog- 
legged stairs to employ carriages beneath the treads ; the 
string-board B is, therefore, drawn to admit merely the steps ; 
if carriages were introduced, the string-board would, in con- 
sequence, be required of greater breadth. In cases where 
carriages are not employed, the string-board ought not to be 
less than an inch and a half thick, and the grooves for the 
reception of the steps ought to be at least half an inch deep. 



19. The Wall-stbing is similar in its general cha- 
racter to the close-string ; it differs, however, in those parts 
that are contiguous to the winders. The mode of setting out 
the wall-string is the same as employed in setting out the 
close-string, and in general the same instrument, the pitch- 
board, is employed in some way or other in setting out every 
description of step. 

FIG. 8. 




The form of the wall-string that would be required for 
the lower flight of ^g, 1 is shown at B C, fig. 8 ; A exhibits 
the pitch-board removed, and the application of it is shown 
upon the string-board B C. The wall-string of the return 
corresponding with the end of the winders and quarter-space 
is shown at DK 
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The nosings of the treads are not shown in these esi-^ 
amples, but the mode of tapering the grooves for the purpose 
of wedging the steps in the string-board is exhibited. 

In regard to setting out the string-board for winders, the 
height of the step remains constant, but the breadth of the 
winders varies according to the obliquity of the angle formed 
by the wall and the nosings of the winders. This breadth is 
obtained from the plan, and is laid down upon the string- 
board in the same manner as we lay down the breadth of a 
common step in the straight part of the string-board. Having 
obtained the indentations of the winders, draw a line parallel 
to the nosings of both flyers and winders, this line will be the 
outline of the upper edge of the string-board. 

Where the ends of the string-boards B C and D E meet 
each other in the angle, they must both be of the same per** 
pendicular height above the tread, and the lower end of the 
string-board B C must be wrought into an horizontal line 
at the height of the skirting that it is intended to unite with it. 

20. The Wreathed String-board, developed at 
B C, fig. 9, shows the form of that which would be 
required for the semicircle of winders in fig. 2. In con- 
structing this development, commence with the flyers, and 
lay down the breadths of the winders, in order as they occur 
in the plan ; and for the purpose of obtaining the direction 
of the straight part of the string-board continue the flyers 
to the number of two or three, after the winders are developed. 
A line drawn parallel to the lower angles of the steps, 
forms the lower edge of the wreath. A trifling modification 
of the above is required where the lines drawn form an 
abrupt angle, merely to ease the whole into a gentle curve. 

The wreathed string-board, measured from the lower 
angles of the steps, in a direction perpendicular to the curve 
of its lower edge, should be of equal breadth at all points. 
Workmen not understanding this, frequently fall into error 
in measuring the breadth of the string-board upon vertical 
lines, causing the wreath, where the winders rise abruptly, 
to be extremely contracted in its breadth. 
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FIG. 9. 

21. Having obtained the development of the wreath, 
according to Art. 20, a veneer must be prepared, upon 
which the development must be transferred. The middle 
dotted line C must also be transferred to the veneer. This 
line is drawn vertically through the middle line of the 
development, and is used as a guide, merely in laying the 
veneer upon the cylinder. The lower edge of the veneer 
must then be cut to the curve of the development, but 
the indentations of the steps must not be cut until the 
veneer, properly blocked, is taken from the cylinder. 



22. The term cylinder, in staircasing, is applied to any 
prismatic solid, having the plan of the well-hole of the stair- 
case for its base : with this qualification, wherever the term 
occurs, it must be understood. 

Fig 10, is the common form of the cylinder employed in 
staircasing : the dotted line A B, drawn upon it, and dividing 

c 
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the semicircle into two equal parts, serves as a guide in 
laying on the veneer of the wreath. 

23. The cylinder being prepared according to Art, 
22, and the veneer according to Art, 21, proceed to secure 

the veneer upon the cylinder 
in the following manner : — ^Lay 
the dotted line C of the veneer 
B D, fig. 9, along the dotted 
line AB of the cylinder, and 
secure it in this position by 
laying a slip or block of wood 
over it, in the direction of the 
line AB, and nailing the block 
to the cylinder. This being done, 
bend one end of the veneer 
downwards over the cylinder, 
and secure it by nailing on 
another block. Proceed in the 
same manner with the other end 
of the veneer, taking particular 
care to keep the dotted line C 
of the veneer over the dotted 
line A B of the cylinder. 

Having adjusted and secured 
the veneer upon the cylinder, 
proceed to glue blocks upon it, 
nailing them where requisite to 
the cylinder and to each other. 
When the glue has become 
sufficiently dry, work off the 
back of the blocks to an even thickness, and glue a strip 
of c^vas over the whole. Withdraw the nails that secure 
the blocks to the cylinder, cut off the ends of the blocks to 
the curve of the veneer, and remove the whole from the 
cylinder. The indentations of the steps may now be cut 
out, according to the lines that were marked upon the veneer 
when in its developed state : the wreath thus prepared is 




FIG. 10. 
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ready to be joined to the straight parts of the string- 
board. In treating of the development of the wreath, it was 
stated that two on three flyers should be laid down, for 
the purpose of finding the direction of the straight part 
of the string-board. Where this is done, the direction of 
the joint may be found by the application of the common 
square to the edge of the string-board, and in order to 
make the joint as little conspicuous as possible, it should 
be made at the lower angle of a step. 

24. The section at A, fig. 9, is that of a sunk-string, 
showing the method of joining its parts with the groove and 
tongue, and the figure at E, exhibits the ends of two steps 
of continued stairs, with the application of the bracket to 
the string-board. In preparing for the bracket, the riser 
and tread are made to project the thickness of the bracket 
beyond the face of the string-board : the bracket is then 
mitred to the riser, and properly secured to the string-board 
with brads and glue. 

25. In the annexed figure is developed a wreath, the 
form of which would be required at a half-space, connecting 
a progressive and a retrogressive flight. The part between 
A and B is kept horizontal, and the angles at A and B are 
rounded ofi* as little as possible, for the sake of preserving 
the horizontal position of the lower edge of the string-board. 
This is necessary to be done or the sofi&t cannot be properly 
finished ; the angles may be eased ofi^, by the method shown 
in Art. 12, or by hand, as most convenient. 



FIG. 11. 
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JOINING THE STRING-BOARD. 

26. In joining the diCFerent parts of the Btring-boBrd 
together, a. simple and ingenious contrivance 19 employed : — 
Three or four rectangular blocks of wood, having a mortice 
hole in each, are placed side by side upon the back of the 
string-board over the joint ; these pieces are secured alter- 
nately to each part of the etriog-board, in such a manner 
that, by driving a piur of parallel wedges through the 
mortice, the parta of the string-board forming the joint 
are drawn together. 

Fig. 12. represents a set of bloclcs and wedges, as they 
FIG. 12. appear when put t(^e- 

ther upon the string- 
board. Five blocks are 
here shown, but in 
most cases it is not 
necessary to use more 
than two or three. 
When the joint is pro- 
perly drawn up by 
means of the parallel 
wedges, the blocks are firmly screwed and secured to both 
parts of the string-board. 

The above general directions, it is hoped, will enable 
the student to construct any description of string-board that 



27. After the steps and string-boards are prepared, ac- 
cording to the foregoing directions, each flight is put together, 
leaving out the winders, which are fitted separately after the 
flights ore fixed. 

In fixing the stiurs a stout piece of quartering, termed a 
pitching piece, is firmly wedged in the wall of the staircase at 
the termination of each flight, or at the commencement of the 
winders. This piece is intended to receive and support the 
rough carriages, which are pieces of quartering running Ion- 
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gitudinally beneath the flights, serving for ceiling joists of the 
soffit and supporters of the stairs. Eough brackets are nailed 
beneath every step to these carriages, and they are connected 
to the treads and risers of the steps by gluing blocks upon 
them. 

In the best constructed stairs, carriages are framed and 
firmly fixed into the wall beneath the winders ; but in common 
practice, a piece of quartering, having one end wedged into the 
wall beneath each winder after the winders are fixed, the 
other end being secured to the wreath, is all that is generally 
employed as the absolute support of the step. Transverse 
pieces and glued blocks are introduced beneath the winders, 
depending upon the quartering fixed in the wall for their 
bearing and support. Precise rules cannot, however, be laid 
down in the department of fixing ; local causes must ever 
rule ; and the experience of the workman can alone direct 
him how to proceed. 

Having fixed the straight flights and secured the string- 
boards to each other, proceed to fit in the treads and risers 
of the winders, commencing at the lower winder, fitting them 
and building them up one by one, until all are completed. Fix 
the quartering beneath the winders in such a manner that 
there may be no abrupt angles in the soffit. The soffit ought 
to be so constructed as to form a graceful line beneath the 
winders, neither abruptly curved, nor straight in one part 
and curved in another. Where half-spaces are employed, 
joists are framed and fixed to the walls, as in a common 
floor. The moulding or the bead of the wall-string, and the 
bead of the wreathed string, are generally put on after the stairs 
are fixed, cane rods being employed in the curves. 
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PART IL 

THEORETICAL PRINCIPLES OF THE ORTHOG- 
ONAL SYSTEM OF HAND-RAILING. 

Article L The chief difficulty in the construction of 
a hand-rail occurs in that part of it termed the wreath. If 
the wreath were composed of plain curves no difficulty could 
arise, but in winding around the well-hole of a staircaae it 
takes the form of a curve of double curvature. To construct 
this curve in parts, and form it in wood without waste of 
material, constitutes the art of hand-railing. 

Writers generally explain the art of hand-railing upon 
the supposition that the wreath, or that part of the hand-rail 
that winds around the circular spaces of the well-hole, is 
composed of parts of a hollow cylinder, equal in thickness to 
the breadth of the hand-rail, and in diameter to the diameter 
of the plan over which the hand-rail is to be constructed. 
The solid forming the wreath, when cut out of the plank by 
the method about to be explained, is no part of such cylinder, 
but having to be wrought into the cylindrical form previously 
to its being squared, we shall derive some assistance from 
considering it as cylindrical. Hence, a ready method of con- 
structing the section of a cylinder, when the cylinder is cut 
in any direction by a plane passing through it, is obviously 
necessary. 

The general form of the hand-rail is sufficiently known to 
obviate the necessity of going into a description of it, we 
shall, therefore, at once proceed to consider the cylinder and 
the geometrical lines in connection with it, following out the 
subject of hand-railing, by the consideration of problems ne- 
cessary to complete the theory of the orthogonal system. 
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2. If a right cylmder, A B C D, fig. 13, is cut by a 
plane pusing through it obliquely, the Beotion will be an 
eilipsis, as C D E F. 

3. If the cylinder, A B C D, stands perpendicularly 
upon an horizontal plane L M G H, the plane of the section, 
Art. 2, will out the horizontal plane. 

4. The common lectioii of two planes is a straight line, 
therefore the oommon section G H of the planes E H and 
L H is a straight line. 

5. A line, C K, drawn through the vertices C and D 
of the ellipsis, is at tight angles to the common section G H, 
for a line drawn through D in tho plane E F G H, and parallel 




to G H, is a tanget to the curve at the vertex D ; and the 
line C D drawn through the rertlces of the ellipsia is the 
mtqor axis, but the tangent at the vertex is at right angles 
to the m^or axisj therefore, G H being parallel to the tangent 
is at right angles to the major axis produced in K. 
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6. The line 6 H is at right angles to the line A K, 
drawn from the point K, through the centre I of the base 
of the cylinder. Consequently, the diameter L M of the 
cylinder, drawn at right angles to A K, or parallel to G H, is 
parallel to E F, the minor axis of the ellipsis. All ordinates, 
I M, I L, &c., drawn upon the base of the cylinder, parallel 
to G H, are therefore parallel, and equal in length to their 
corresponding ordinates J F, J E, &c., drawn in the elHpsis 
parallel to the same line G H. From this it will be seen, that 
when the common section G H of the two planes E H and 
L H is found, the section of the cylinder can be constructed. 

7. Example :— Draw the line A N at right angles to 
A K ; make the length of A N equal to the length of A C, 
and join the points N and K : the triangle A N K is equal and 
similar to the triangle A C K. Draw any number of ordinates, 
I L, I M, across the base A B of the cylinder, each parallel 
to the common section G H, and produce them to the line 
N K. At their intersection of the line N K, erect ordinates 
perpendicular to N K, and make the length of them equal to 
the length of their corresponding ordinates on the base, P R 
to I M, P Q, to I L, &c. Through the points R Q, &c., thus 
found, trace the curve N Q, O R : this curve is the section 
of the cylinder. 

8. From Articles 6 and 7 it will be seen that a ready 
method of finding the common section formed by an horizontal 
plane and the plane of the cylindrical section, is of importance 
in constructing the section of a cylinder. 

A plane can be made to pass through any three given 
points ; if, therefore, any three points are given in the required 
section of the cylinder, and a plane is passed through them, 
the line formed by its intersection of the horizontal plane is 
the common section required. 

In the following method of finding this section the hori- 
zontal plane is supposed to pass through the middle given 
point, one of the remaining points being above it, and the 
other below it. In which case the common section of the 



THE CYLINDKF. 



25 



two planes falls within the base of the cylinder, a circumstance 
necessary in the construction of the butt-joint lines of a hand- 
rail, by the methods to be explained. 

9. The given points of the cylindrical section were in 
the old system of hand-railing called resting points, being the 
points upon which a plane would rest if laid upon the hand- 
rail when in a finished state. These points referred to the 
plan of the hand-rail, or to any horizontal section of the 
cylinder, are called the seats of the resting points. The 
points made use of in the principal examples of the orthogonal 
system are taken in the middle of the hand-rail. 

10. A £ C, fig. 16, is an horizontal section of a cylinder, 
and A E and C are the seats of three given points referred 
to in the section. Join the seats of the two remotest resting 
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FIG. 15. 



points, A and C, and let A B and B C, fig. 14, be the per- 
pendicular distances of the given points from each other. 
Erect a perpendicular, A B, upon the point A, and let fall 
a perpendicular, C D, from the point C. Make the length 
of A B equal to the distance B C, fig. 14, and the length of 
C D equal to the distance A B. Join the points B and D, by 
the straight line B D, cutting the line A C in F. From the 
point F draw the straight line E F through the seat E of tlie 



THB BDTT-JOiNT LINES. 

The quadrantal lines of tliis 
face-mould have been given by 
writers , as the joint lines of the 
wreath : they lie vertically over the 
plan lines of the joint, and, there- 
fore, answer for a vertical or 
Bplice-joint. But the splice-joint is 
totally iDadmissible in practice, the 
butt-joint being the only one ever 
employed. 



THEORY OF THE BUTT-JOINT LINES. 
14. PsOBLEM. The triangle D A C, fig. 19, is an 
horizontal plane right angled at A, and D A 6 ia a triangle 
right angled at A, the plane of which is perpendicular to 
the horizontal plane. C D B is an oblique plane cutting 
the horizontal plane in the line B C, and C A E is another 
oblique plane, passing through the horizontal plane in the 
line A C, and making a given angle, E A B, with the per- 
pendicular A B. It is required to find the plan of the in- 
tersection of the oblique planes C D B and C A E. 




FIG. 19. 




From the point 
E, fig. 19, let fall the 
perpendicular E F 
upon the line A D 
and join the points F 
and C, the line F C 
in the horizonttd plane 
D A C is the plan 
of the intersection. 

For the line F C is 
drawn from C, a point 
in the intersection, to F 
a point in the perpen- 
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dicular let fall from the interdection, it is also in the horizontal 
plane D A C, it is, therefore, the plan of the intersection. 

15. Proposition. If the dotted line AG, in the plane 
DAB, fig. 19, makes right angles with B Gr, the line G C 
will also make right angles with B G. 

Let A G B be a right angle, then, since the planes D A C 
and B A C are each perpendicular to the plane DAB, their 
common section A C is also perpendicular to DAB, and the 
plane AGO passing through their common section is, therefore, 
perpendicular to DAB. The line B G, in the plane DAB 
is, by construction, at right angles to A G, the common 
section of the planes AGO and DAB, it is, therefore, at 
right angles to the plane A G C, and, consequently, to G A, 
a line in the plane AGO. 

16. Proposition. If A E B is less than a right angle, 
B E C is also less than a right angle. 

Let A E B be less than a right angle ; we have then the 
the two triangles BEG and B G C ; the angle B E C is 
less than the angle B G C. Euclid, Prop. 21. Book I. But 
B G C is a right angle, BEG is, therefore, less than a right 
angle. 

In the same manner it can be proved, that, when A E B 

is greater than a right angle, BEG is also greater than a 

B 
fig. 20. 



a right angle. 



17. Problem. 
It is required to 
find the plan of the 
intersection EC, fig. 

19, when the side 
D A B of the tetra- 
hedron D A C B is 
developed on an ho- 
rizontal plane. 

Let DAB, fig. 

20, represent the ^ 
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side D A B of the tetrahedron, fig. 19, turned oyer upon the 
line DA as an axis, until it lies in the same plane as 
D A C. From the point A draw A E making the given 
angle £ A B with the line A B, and from the point E let 
fall the perpendicular E F upon the line D A. Join the 
points F and C, the line F C is the plan of the intersection. 

The plan of the butt-joint line is found hj the help of 
this problem. 



THE DIHEDRAL ANGLE. 

18. Probi^h. It is required to find the angle of 
inclination of the planes A E C and DEC, fig. 19. 

Let the annexed figure D C A B be similar to the de- 
veloped tetrahedron, ^g. 20. From the point F draw 
F G at right angles to the line F C, make F G equal in 

FIG. 21. length to F E, and 

join the points Gr 
and C. Through 
any point in the 
line F C draw J K 
at right angles to 
FC, and with L 
as a centre draw an 
arc, H I, touching 
the Une G C in H, 
and cutting F C in 
I. Through the 
points J I and K I 
draw lines, the angle 
JIK is the angle 
of inclination of the two planes A E C and DEC, of fig. 
19. which angle is termed the dihedral angle, and is that 
which the plane of the butt-joint of a hand-rail makes 
with the surface of the plank of which the wreath is com- 
posed ; the plane DEC representing the surface of the plank, 
and the plane A G C or A E C the plane of the butt-joint. 
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19. It is proved, in Art. 15, that when the line A G, 
diagram, Art. 14, is at right angles to D B, the line G C is 
also at right angles to the same line D B. The line G C, 
when applied to the face-mould of a hand-rail, is a butt-joint 
line ; obtainable upon the face-mould by a process to be 
explained. 

20. The shaded quadrant AFJNK in the annexed 
figure, is the plan of a wreath Ijing in the horizontal plane 
D A C, and J B I L is the cylindrical section or common face- 
mould lying i^ertically over the plan in the oblique plane 
D B C. The radii of the cylindrical section J L and B I, 
as before stated, Art. 18, are not the butt-joint lines of the 
face-mould; they are, nevertheless, useful in aiding us to 
find the joint lines in a particular case. 

It is evident, that, if the line GC, fig. 19, is at right 
angles to D B, it is also at right angles to any line that is 
drawn parallel to D B. In the annexed figure, we have the 




FIG. 22. 

solid D A C B similar to the solid D A C B, fig. 19; we 
have, therefore, the line D A at right angles to A C, and 
J N, the radius of the end J of the quadrant, at right angles 
to A K, the radius of the end A of the same quadrant. The 
line D B is, by construction, vertically over the line D A, 
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and J L is vertically over J N ; J L is, therefore, parallel 
to D B, and, coasequentlj, any line dr&wn at right angles to 
.1 L is also at right anglee to D B. If, therefore, the radius 
J L of the quadrant of the cjlindrical aection is produced to 
G, and at right angles to it the line G- M is drawn, Q- M vriU 
he at right angles to D B. It is proved, in Art. 15, that when 
the angle B G A, fig. 19, is a right angle, B G C ia also s right 
angle. If, therefore, in any case the angle B G A, fig, 19, 
is known to be a right angle, we shall have no occasion to de- 
velope the tetrahedron for the purpose of finding the plan C F 
of the intersection, as the intersection can itself be found, being 
nt right angles to the line D B, or to the produced radius J G. 
It is proved above, that G M, fig. 22, is at right angles 
lo D B. G M or I M is, therefore, the intersection of the 
plane of the butt-joint and the surface of the plank ; it is, 
therefore, a joint line of the face-mould J E M I. 

By the same means 
the joint line J £ of the 
other end of the face- 
mould is found, being 
drawn at right angles to 
B II, the radius B I of 
the quadrant of the cylin- 
dricid section produced. 

21. The following 
example shows the appli- 
cation of these lines to 
the face-mould of a 
wreath : — Let A B C re- 
present the plan of one 
quarter of a wreath, and 
A E, B 0, C D, the 
ordinates, the direction of 
which are determined as 
directed in Art. II. Tlie 
face mould P Q G H is 
traced out from the plan. 




THE ORTHOGONAL FACE-HODLD. 33 

ABC, ID the usual manner i the radii O J and L of the 
Bection corresponding with O M and A of the plan. Pro- 
ducing J to K, and O L to I, and drawing the lines K. H 
and I G, each at right angles to its respective radius, E H to 
E J and I G to I L, we have the lines H F and I G for 
the joint-lines of the wreath. 

The reason for drawing the joint-lines through the points 
P and G is, that two of the resting points of a plane upon 
the winding surface of a wreath are at these points, and the 
face-mould in this example is supposed to be constructed to 
these points, or Which is the same thing, to the surface of the 
plank. If the face-mould were constructed to the middle of 
the wreath, the joint-lines would bo required to be drawn to 
the middle points of the lines P L and G N. 

The application of the general problem. Art. 14, to the 
construction of the joint-lines of a wreath, of which the above 
example illustrates only a particular case, is treated of more 
fully in a subsequent article. ' 



THEORY OF THE OE- 
THOGONAL FACE- 
MOULD. 

22. In the preceding 
examples are shown me- 
thods of obtaining the sec- 
tion of a cylinder, and the 
application of it to the con - 
struction of the common 
face-mould of a hand-rail. 
The orthogonal face-mould, 
the nature of which we 
shall now explain, is em- 
ployed merely for the pur- 
pose of determining the 
form of the least solid that 
is capable of containing 
within it the square wreath. 
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THE ORTHOGONAL TACB-KODLD. 



The common face-mould was originally the only one employed 
in the process of cutting out the wreath, but the ediii cut out 
to the form of the common face-mould conttuna a greater 
quantity of material than is required in the formation of tlie 
wreath. The difficulty of applying the common face-mould to 
the plank, and the impoasibility of ascertaining what part of the 
plank the wreath will require from the mere position of the 
face-mould, render it necessary that some other method should 
be employed. 



23. In figure 24, is shown the outlines of a plank with 
the oblique soUd required by the use of the common face-mould 
drawn within it. A B C D is the plan of a quadrant of a 
wreath, and E F L I is the oblique solid required. It will be 
seen that in cutting out this solid the saw must be held in « 
position parallel to the vertical side E K F J of the solid ; the 
consequence of this is, that in some cases the saw cut is of great 
depth. The consequent amount of labour required in cutting 
out the solid will of course 
be proportionably increased 
with the depth of the cut, 
or with the length of the 
vertical line E J. 

24. A rectangular solid 
may be cut out of the plank 
that will contain the square 
wreath as perfectly as the 
oblique solid shown in fig. 
24. The accompanying di- 
agram eshibits a solid of 
this description, with the 
end of the square wreath 
J H shown within it. In 
cutting out this solid, the 
saw is held perpendicu- 
larly to the surface of the 
plank. 
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The advantages of the above, over the old method of 
cutting out the wreath, will be at oace acknowledged when 
it is considered that the workman can, without hesitation, 
mark the whole of his wreaths upon the plank, and can truly 
estimate the quantity of material required to complete his 
hand-rail before be commences, which by the use of the 
common face-mould would have been impossible. 

25. The method of constructing the orthogonal face- 
mould, which is not elliptical, and cannot therefore be formed 
directly from the plan, wiU now be explained. It may be ob- 
served, that the sides of the solid H G K J, fig. 25, unlike 
the sides of the solid in iig. 24, do not lie vertically over the 
plan A B C D, but merely contain the solid, from which the 
wreath can be formed. The face-mould of this solid may be 
constructed as follows: — ^Referring to fig. 13, let the trian- 
gle A K C be represented by the triangle A E F of the an- 
nexed figure; the line 
E F, representing the 
inclination of the plank, 
and let A B represent 
the plan of a wreath, 
the circular parts of 
which are described 
from the centre C. 
Upon the line A F 
draw a rectangular 
section of the square 
wreath, as is shown by 
the shaded part Q. 
Draw the dotted rec 
tangle G, containing 
the shaded section : 
this rectangle will be 
of the same siee as the 
transverse section of a "■*■ **■ 

rectangular solid that will contain the square wreath. From 
the middle of that aide of the dotted rectangle that lies in 
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the line £ F let fall a perpendicular line upon A IS, and 
from D, the middle point of the breadth of the plan, extend 
the compasses to the centre C. Remove the compasaeB along 
the line A E until the point that was at D reaches the p(»Dt 
of intersection of A E by the dotted line let fall from £ F, 
and cross the line A E at I. Then, with I as a centre, and 
the compasses extended as above, describe an arc upon the 
plan A B, from this arc trace the curve H G: this curve 
is the middle line of the orthogonal face -mould. Set off half 
the breadth of the dotted rectangle G from each side of this 
curve. The figure H F, thus constructed, is the orthogonal 
face-mould of a wreath, the section of which is G and the 
plan A B. The solid cut out by this face-mould is mmili^^ 
to that exhibited in diagram 25, and is sufficiently large to 
admit of the wreath being perfectly squared within it, 

26. Hand-rails when finished have generally their arrises 
rounded off, their general form approaching to that of an ovaL 
From this circumstance, it will be seen that the face-mould 
may be of less breadth than that just found, as is shown at 
G K, fig. 26, where within the section of a square wreath is 
given a moulded section ; the side G K of the dotted rectangle 
giving the breadth of the orthogonal face-mould. 

It is necessary here to remark, that the orthogonal face- 
mould must, in no case, be of less breadth than the hand-rail 
for which it is constructed. When, therefore, the side G K of 
the dotted rectangle comes out shorter than the breadth of the 
hand-rail, the breadth of the hand-rail must be taken for the 
breadth of the wthogonal face-mould. 

27. The face-mould above given is constructed for appli- 
cation upon the surface of the plank, but from the following 
considerations the construction of it may be sihiplified : — 
Referring to diagram 25, it vnll be seen that all sections of the 
solid H L, parallel to the surface I K L, are similar to each 
other, and that the orthogonal face-mould is similar to these 
sections. In diagram 26, all sections of the dotted rectangle G 
that are made parallel to E F are equal in length to each 
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otber, and to the breadth of the orthogonal face-mould. We 
may, therefore, construct the face-monld to the middle of the 
solid, of which the dotted rectangle is a eectioii, instead of 
constructing it to the surface of the plank, and the ourre from 
which we trace it will then pass through the middle of the 
plan. 



ExAXFLK. Having drawn the carve AB, fig, 27, in 
the middle of the plan, draw the shaded section D H equal ia 
uze to a rectangular 

section of the square ^™* 27. 

wreath. Upon the 
line £ F draw a 
rectangle inclosing 
the shaded section ; 
the side H I of this 
rectangle will be 
equal in length to 
the breadth of the 
ortlu^onal face- 
mould i and the side 
H F, to tbe thick- 
ness of the plank 
necessary in the 
formation of the 
wreath. 

28. The application of the orthogonal &ce-mould to the 
plank for the purpose of marking out the solid contEuning the 
wreath, ia a task of no difficulty ; the mould is marked upon 
the opposite sides of the plank, so that the dihedral angles of 
the solid are right angles, or, in other words, so that a trans- 
verse section of the solid is rectangular. 




no. 28. 



THE ORTHOGONAL SOLID. 

29. Having cut out the solid as above directed, our next 
otiject is to brii^ it int» the cylindrical form, and for this 
pnrpose the common face-mould is required. The conatrucdon 
of the common face-mould is shown in Art 13, but for the 
purpose of accomplishing the above-named object by a peculiar 
method, the ordinates employed in tracing out the orthogonal 
face-mould are made use of, at the same time, in tracing out the 
common face-mould. This is done by prolonging them across 
the plan, as is shown in fig. 28, where the shaded part shows 

the orthogonal, and the 
black lines the cominoQ 
face-mould. The small 
^ portion of the line E P 
that lies between the 
curve F and the shaded 
face-mould, is shown in 
fig. 27, by the side F, 
of the small triangle F ; 
it is the distance that 
the common overhangs 
the orth<^onal face- 
mould at that point. 
From the above pre- 
mises, we shall point out 
two methods of bringing 
the orthogonal solid into 
the cylindrical form. 

30. The first method : — Lay the common face-mould 
upon the upper side of the soUd, in a position similar to that 
shown hy the black lines in fig. 28, where the common over- 
hangs the orthogonal face-mould at F, and mark the outlines 
of the face-mould upon the solid. Turn over the ortht^nal 
solid, lay the common face-mould upon it, and slide it parallel 
to itself, in the direction of the hypotenusal line towards E, 
until it overhangs the concave or inner side of the soUd, in 
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the same manner that it overhung the convex side in the 
former position, and mark the face-mould upon it. The solid 
must then be cut away obliquely to these marks, giving the 
cylindrical form to the wreath. Parts, however, of the solid 
fall short of the common face-mould, but where the face- 
mould overhangs the solid on one side, on the opposite side the 
solid overhangs the face-mould in the same degree. 

31. The other method of reducing the orthogonal solid 
to the cylindrical form is as follows : — In the small diagram 
annexed, A B C D is a thin parallel board or veneer, square at 
the ends ; upon this veneer is fixed an angular block E F.G. 
The side E F of the block fig. 29. 

is placed parallel to the edge 
A B of the veneer, and the 
angle E F G of the block 
is made equal to the angle 
A E F of fig. 28. The 

veneer with the block thus ^ //^'^"^^ ^<^:^ ^ 

attached is then tamed over, 

the edge F G of the block 

resting upon the drawing, fig. 28, and the end A D of the 

veneer lying parallel to the ordinates of the section, with the 

angular end of the block towards F. If it is required to 

form the concave side of the wreath, the angle D of the 

veneer is brought into contact with the concave curve of the 

common face-mould, the veneer and block are then slid along 

the drawing, with the end AD of the veneer always kept 

parallel to the ordinates, and the^'lmgle D always in contact 

with the curve of the common face-mould. In sliding the 

veneer along the curve in the manner described, there will be 

found parts of the rectangular solid that will intercept the 

course of the straight edge D C. These parts must be cut 

away, so as to make the solid coincide with the straight edge of 

the veneer, which being done, the concave side of the wreath 

will be formed. 

32. A similar process is employed in the formation of 
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the cohtax side cf the wreath : — The veneer and block beio^ 
removed to the oater, or convex side of the solid, the end AD 
of the veneer is held as before, parallel to the ordinates, while 
the angle A ie moved along the outer curve of the common 
fmce-moald, causing the edge A B of the veneer to trace out 
the COTivei ude of the wreath. 

33. The nature of the above process may be understood 
by the follonittg considerations : — Imagine the plank out of 
vrhich the wreath is cut to be inclined at its proper angle 
over the plan, which angle is, in &g. 28, A F £. B7 Art. 
81, the angle E F G of the block attached to the veneer ia 
made equal to the angle AEF in diagram 28, or to the 
complement of the angle of inclination of the plank. From 
this arrangement it will be seen that, if the edge of the block 
is brought into the same plane as the surface of the plank, 
while the square end of the veneer is kept parallel to the 
horizontal ordinates, the edge of the veneer will be vertical, and 
will consequently trace out the vertical side of the wreath when 
moved along the curve of the common faee-mould. 

34 An illustration of the method of reducing the or- 
tht^nal sohd to the cylindrical form as described m Art 31, 
IS shown in the annexed 
diagram The veneer is 
^ apphed to the concave 
^ side of the sohd, and 
the sohd is shown with its 
inner ams worked off, 
forming the concave side 
of the square wreath. It 
will be seen that while 
^"^- ^- the angular block rests 

upon the drawing, and the veneer is held parallel to the 
ordinates, the edge of the veneer traces out the form of the 
cylindrical solid. 

35. A discrepancy will appear to have occurred in 
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diagram 27. The middle of the shaded section of the wreath 
does not correspond with the line A D, connecting the middle 
lines of the plan and the orthogonal face-mould. This is^ 
however, of no consequence, the section mxy be drawn upon 
any part of the line E F, its use being merely to determine 
the breadth of the orthc^onal face-mould, and the tHckneas 
of the plank neceseary for the wreath ; hj the above arrange- 
ment it 'ia kept clear of the ordinates and all otlier lines. 

36. The following example showa the constracdon of 
the orthogonal face-mould to the plan A B, fig. 31. The 
shaded seclioa J E of the square wreath, is drawn upon the 
line B K, the angle K coinciding with the hypotennaal line 
O K. The line J H drawn parallel to G K, shows the thick- 
ness of plank neccssarj to 
construct and perfectly 
square the wreath. The 
oblique figure H Q is the 
form of a section of the solid ■■ 
that would be required if 
the wreath were to be cut 
out by the common face- 
mould, and I E J L is a 
section of the required or- 
thogonal solid, containing 
within it the shaded section 
of the wreath. The trian- 
gles J L U and E I H, 
show the qnanti^ of mate- 
rial contained in the solid 
cut out by the common 
face-monld, more than is 
required for the orthogonal 
golid at the same point of 
the wreath. 




aphlicahon of the face-mould. 

37. The annexed diagram, 
fig. 32, exhibits the common 
face-mould constracted to a 
plan similar to the plan A B in 
fig. 31. The line E F drawn 
upon it parallel to the hypot- 
enuae is for the purpose of de- 
termining the T^tiTe positions 
of the common and orth<^oiial 
face-moulds, or of applying 
the common face-monld to the 
orthogonal solid, in the manner 
described in Art. 30. In dia- 
gram. Art. 36, the line E F 
drawn upon the orthogonal 
face -mould corresponds with 
the line E F in the annexed 
figure, each line being drawn 
parallel to the hypotetinae G L, 
and at the same distance &om it. 




38. In refbring to diagram 31, it will be seen that the 
section J K of the orthogonal solid, occupies the middle part 
of the section G H of the oblique solid. L G is the distance 
that the convex side of the common face-mould, applied to the 
upper side of the orthogonal solid, overhangs it at the vertex 
of the cylindrical section, and H I is the distance that the 
concave side overhangs that of the orthogonal solid when 
applied to the lower side of the solid. 

3d. In figures 31 and 32, the line S is drawn through 
the centre O of the elliptical quadrant across the two face- 
moulds and intersects the line E F in S. In bringing the 
orthogonal solid into the cylindrical form the lines E F and 
S transferred from the orthogonal face-mould to the solid 
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cut out by it, serve as a guide in the application of the common 
face-mould to the solid. 

The distance between the middle of the common and or- 
thogonal face-moulds at the vertex of the cylindrical section is 
the distance that the line O S» of the common face-mould, is 
kept above or below the line S of the orthogonal solid 
when applied to the upper or under side of the solid. The 
common face-mould being slid upwards or downwards along 
the line E F to the above-named positions, its place upon the 
orthogonal solid is determined, and the solid is wrought into 
the cylindrical form accordingly. 

40. The distance of the middle of the two face-moulds 
from each other is obtained in the following manner : — Divide 
the side of the section J I, fig. 31, into two equal parts ; 
divide abo the side J H of the oblique section into two equal 
parts : the distance between these 
divisions is the distance that the line 
O S of the common face-mould is 
slid upwards towards F on the upper 
side of the soli^ or downwards to- 
wards E on the under side of it, ac- 
cordingly as the face-mould is applied. 
The annexed figure shows on a larger 
scale the method to be adopted for 
the purpose of finding the above dis- 
tance :— *G H, ^g, 33, is a section 
of the oblique solid, as shown in fig. 
31 ; the section B S of the orthogonal 
solid drawn within it contains a sec- 
tion of the square wreath similar to 
that shown in the above diagram. 
The side of the section of the orthog- 
onal solid is divided into two equal 
parts in the point 0, and the side vio* 33. 

H M of the oblique section is divided into two equal parts in 
the point Q ; the distance between the points O and Q is 
the distance sought 
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SQUARING THE WREATH. 

41. Having obtained the vertical sides of the wreath, its 
tipper and lower surfaces may be found by the application of 
the common square. 

When resting points are employed in the construction of 
the common face-mould let those points be strictly attended 
to and preserved in the surface of the wreath, working off the 
superfluous material from the opposite side of the plank. 

If the face-mould is constructed to the middle of the 
plank, the superfluous material must be worked off from each 
side, leaving the wreath in the middle of the plank. In apply- 
ing the common square, care must be taken to hold the stock 
in a vertical position, or, in other words, parallel to the axis of 
the cylinder. 

The three given points through which the face-mould is 
made to pass, determine exactly corresponding points of the 
wreath ; we are therefore left merely to determine the form 
of the wreath between these points. This was formerly done 
by the application of a mould, termed a falling-mould, to the 
vertical sides of the wreath. But a little attention will enable 
the student to dispense with the use of the falling-mould for 
this purpose altogether. The falling-mould has, however, to 
be employed in the construction of a wreath. 

CONSTRUCTION OF THE FALLING-MOULD. 

42. In the construction of the face-mould of a wreath, 
it is necessary to develope the nosing line of the steps upon 
a plane, for the purpose of obtaining the different heights 
through which the wreath passes. The nosing line is con- 
structed over the middle line of the plan of the wreath, and 
the figures formed by lines drawn at half the thickness of 
the hand-rail distant from each side of it is termed the falling- 
mould. 

The shaded figure E L D F, £g. 4, plate 1, is a falUng- 
mould, constructed over quarter-spaces, where the developed 
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middle line of the plan of the wreath that winds around the 
end of a quarter-space is equal in length to the breadth of a 
step. The falling-mould produced under these circumstances 
is straight, it is therefore in its most simple form. Where 
angles occur in the nosing line, the falling-mould is formed 
into gently undulating curves, termed casings ; these casings 
are effected in the same manner as the casings of the atring- 
boardy shown at fig. 4) of Part L 

43. In fig. 4, plate 1, A B C is the plan of a wreath, 
the lines 1, 2, 3, 4, 5, are the risen lines of the steps, 2 3 and 
3 4 are the quarter-spaces, and the lines A, B, and C, are the 
plans of the joints of the wreath. It is necessary to determine 
the places of the joints upon the falling-mould for the purpose 
of accurately constructing the face-mould :— Produce the mid- 
dle joint-line B of the plan to the point D, cutting the middle 
line of the falling-mould in D ; a line drawn through D, at 
right angles to the falling-mould, gives the place of the 
middle joint. 

The places of the joints A and C are determined upon 
the falling-mould at E and F, by obtaining the length of the 
middle-line of the plan from A to B, or fix)m B to C. This 
length being marked upon the line G H each way from the 
middle line, B D gives the points G and H. lines drawn at 
right angles across the falling-mould at the points £ and F, 
where the perpendiculars erected upon G and H cut the 
middle line of the falling'^mould, are the places of the joints. 

TBPE USE OF tHE FALLING-MOULD. 

44. The use of the falling-mould is, as before stated, 
to determine the points through which the wreath passes ; 
these points being found, a cylindrical section, determined by 
the plan of the wreath, is made to pass through them : this 
section is the common face-mould of the wreath. 

46. In referring to Art. 10, Part 11, it will be seen that 
thr^e points are necessary to determine the cylindrical section. 
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In band-railing, a separate section is constructed for each 
qnadrant of the wreath, and the heights of the separate sec- 
tions are determined by the parts of the falling-mould answer* 
ing to each quadrant of the plan. In the example before us^ 
the parts of the falling-mould answering to each quadrant of 
the plan are determined by the perpendiculars G E, B D, and 
H F; the part E D of the falling-mould answering to the 
quadrant A B, and the part D F to the quadrant B C. 

46. The parts of the falling*mould determined as above, 
are subdivided in the following manner :— Through the point 
D draw D I parallel to G H, and produce G £ to I; divide 
the line D I into two parts in the point J, and let fall a 
perpendicular J L cutting the middle line of the falling-mould 
at L ; from the point L draw L K parallel to D I, cutting £ I 
in the point K ; the points £, I, and K, are the heights of the 
three points of the cylindrical section. 

The subdivision of the other part of the falling-mould is 
not, in this example, necessary, as it is exactly similar to the 
already divided part. It may be taken as a general rule that, 
when the steps of stairs are alike in both quadrants, the falling- 
mould of both quadrants is similar but reversed, and conse- 
quently the same face-mould reversed will answer for both 
quadrants of the wreath. The falling'>mould, in such case 
needs only to be divided for one quadrant. 

47. It is necessary here to observe, that the point of 
division of the line D I, fig. 4, plate 1, must be determined by 
consulting the middle line of the plan. In the example given 
in the last Article the developed middle line D I is divided into 
two equal parts, but this is not in all cases to be done. The 
point J ought to be in some part of the developed curve 
distant from the springing of the curve, at least one-third of 
the length of the curve developed. Attention to the above 
circumstance is of the utmost consequence in the construction 
of a wreath; the position of the middle point, or division, 
governs entirely what is termed the springing of the plank, 
and consequently the form of the wreath. 
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It may be just noticed, that in all the examples gi^ein 
we have divided the developed middle line of the plan into 
two equal parts, and when the straight part of the wreath is 
short in comparison with the curved part this maj be ^one. 
But if the straight part of the plan is long in comparison with 
the curved part, the above remarks must be strictly attended 
to, the point of division must be decidedly in the curve. 

CONSTRUCTION OF THE SCROLL. 

48. The lower end of a hand-rail is generally terminated 
in a spiral ; this may be either vertical or horizontal, in either 
case it is termed a scroll Numerous methods of constructing 
the scroll are given by different writers, to suit the rarious 
cases that occur ; the adaptation of the equiangular or loga« 
rithmical spiral to the purpose will, however, alone be here 
given. The simplicity of its construction, and the facility 
with which. the curvature of the scroll can be regulated by it, 
give it claims upon our notice which other methods do not 
possess. 

49. To construct the equiangular spiral: — ^Describe a 
circle, and divide it by any number of radii : then, from a point 
where a radius cuts the circle, draw an ordinate at right 
angles to the first radius, and cutting the second radius in 
some point From the point where this second radius is 
cut by the first ordinate, draw another ordinate at right 
angles to the second radius, and cutting the third radius 

FIG* 34. in the same manner 

\ a^,,^^ that the first ordi- 

\ ^ y: ^^v^ nate cuts the second 

\/^ / ^X^^^^ radius. Proceed in 

\/<r^ ^^'"^^s^l^ *^® ^8jxi^ manner 

^ l..I-j^--\- ^% Yfiih the next ordi- 

V-X^ nate and radius, and 

\ so on, finding points 

/ \ in the radii. The 

' points where the 

radii are cut by the ordinates are points in the spiral. 
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In the preceding diagram ia exhibited the above methix] of 
finding points la the spiral ; the lines 1 2, 2 3, 3 4, are the 
ordinates drawn at right angles to their corresponding radii, 
and the points 1, 2, 3, 4, ore pointa in the curve. 

50. To adapt the above spiral to the scroll of a 
hand-nul, we must proceed us follows : — Draw a circle equal 
in diameter to the thickness or breadth of the hand-rail, 
«ocOTdingly as a vertical or an horizontal scroll is required. 
The annexed figure is constructed for an horizontal scroll, 
the diameter of the 
riQ, 85. circle is therdbre made 

equal to the breadth of 
the hand-rail. Having 
described the cirde, pro- 
ceed to draw the radii, 
which in the present 
example are twelve. 
The spiral curve drawn 
through the points of the 
radii determined by the 
ordinatea, is the middle 
line of the scroll. 
Set off half the breadth of the hand-rail from each side 
of this middle line, and draw curves through the points thua 
found : the figure produced ia the scroIL 

The parallelism of the concave curve of tbe scroll to the 
spiral is continued until it meets the small circle in the centre 
of the scroll, but the parallelism of the convex curve is not 
continued beyond the point D, as shown in fig. 35. Upon the 
radius that is employed for the starting point of the spiral ia 
commenced the convergence of the convex curve of the scroll 
towards the small drcle ; this convergence ia accomplished as 
follows : — Proceed to find points in the radii towards C, by 
drawing ordinates in a contrary direction to those given for 
the purpose of finding the spiral. These ordinates being 
continued until they meet the small circle give the con- 
vergOTte required. 
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51. The curvature of the logarithmical spiral may be 
regulated either by emplo3dDg a greater or less number of 
radii, or by making the angle formed by the radii and ordi- 
nates greater or less than a right angle. Spirals of any 
magnitude, from the most minute to those of infinite extent, 
may by the above method be constructed. In the example 
of the construction of the scroll above given, twelve radii 
are employed ; it will, however, in most cases, be necessary 
to employ sixteen. 

The scroll may consist of any number of revolutions, or 
it may be only one, or even a part of one revolution, the spiral 
being cut off at any point to suit the exigency of the case. 
In uniting the scroll to the straight part of the hand-rail, we 
may consider the straight part as a tangent to the curve ; the 
joint ought not, however, to be made at the union of the two 
lines, but in the straight part of the hand-rail, at some difitance 
from the curve. 
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PART III. 



PRACTICAL ILLUSTRATIONS OF THE ORTHOG- 
ONAL SYSTEM OF HAND-RAILING. 

HALF-SPACE, LEVEL -LANDING, AND SCROLL. 

Article I. The most simple example that occurs in the 
construction of a wreath is that in which the vertex of 
the cylindrical section corresponds with the vertex of the 
wreath. The radii of the cylindrical section are, in this case, 
the butt-joint lines of the face-mould, and they lie vertically 
over the joint-lines of the plan. The above is the case with 
the wreaths of half-spaces, level-landings, and the like, the 
face-moulds of which, except in very large well-holes, are 
inclined to the bevel of the pitch-board. 

2. The plan of a wreath for a half-space is shown at 
A, fig. 5, plate 2, and the plan of a wreath for a level landing 
is shown at B, ^g^ 5, plate 1. The face-moulds of both these 
examples, are similar to each other, and are constructed as 
follows : — Upon the pitch-board G, ^g, 6, plate 1, draw the 
shaded section of the square wreath, and upon the hypotenuse 
draw the dotted rectangle containing the shaded section, as 
shown upon the pitch-board. The length of that side of the 
dotted rectangle that lies parallel to the hypotenuse of the 
pitch-board is equal to the breadth of the orthogonal face- 
mould. The middle line of the orthogonal face-mould is traced 
from the middle line of the plan to the oblique side of the 
pitch-board, and the breadth of this face-mould, determined as 
above stated by the dotted rectangle G, is set off at E F. 

3. The common face-mould in the above example may 
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be traced out from the plan with the same ordihates that wo 
use in tracing out the orthogonal fkce-mould ; the ordinates 
of the plan are drawn at right angles to the base, and those 
of the face-mould to the hypotenuse, of the pitch-board. 

The difference between the common and orthogonal face*- 
moulds is in these examples so small that it is not necessarj 
to construct them both ; the construction of the orthogonal 
face-mould may, therefore, be omitted, and the solid may be 
cut out rectangular, with a trifling augmentation of breadth, 
to the curves of the common face-mould. 

The application of the common face-mould to the orthog- 
onal solid, when the solid is cut out, may be understood by a 
reference to the sectional drawings on the pitch-board at G. 
These drawings show the different positions of the common 
and orthogonal face-moulds in relation to each other. The 
common face-mould applied to the upper side of the solid will 
overlap it at the vertex of the cylindrical section, just as much 
as the hypotenuse of the pitch-board projects beyond the dotted 
rectangle at the same point, and this face-mould appHed to the 
underside of the solid falls short of it at the vertex of the 
cylindrical section, as much as the shaded section of the square 
wreath at G falls short of the lower side of the dotted rec- 
tangle. 

4. The bevel that must be applied to the edge of the 
orthogonal solid for the purpose of determining the positions 
of the common face-mould in its application to the upper and 
lower sides of the solid is the angle at E, fig. 6, plate 1, formed 
by the vertical side of the pitch-board and the hypotenuse. 

The butt-joint lines of the face-mould in these examples 
are traced from the plan, as shown in the diagram, and the 
same face-mould reversed serves for both the upper and lowet 
quadrants of the wreath. 

5. Fig. 4, plate 3, shows the method of tracing out the 
common face-mould of the scroll. A B C is the plan of the 
scroll, C D E the pitch-board, and F G the face-mould. The 
orthogonal face-mould may be traced out from a middle line 

B 2 
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drawn upon the plan, but, as in the last example, Art. 3, the 
difference between the common and orthogonal face-moulds 
is so small that it is not necessary to trace out both. The 
bevel D E C, as in the former example, is that which is 
applied to the edge of the solid, for the purpose of deter- 
mining the place of the face-mould upon it. It is hardly 
necessary to observe that the bevel DEC must be applied 
upon the solid in the straight part of the face-mould towards 
CE. 

The place of the joint B of the scroll, if not previously 
fixed upon, may be determined as follows : — Draw the lines 
B B and J H, fig. 5, plate 3, and make the distance between 
them equal to the thickness of the plank out of which the 
block of the scroll is to be cut. Draw A A distant the thick- 
ness of the scroll above the line J H, and draw the pitch- 
board B K I upon it, easing off the angle at K. The figure 
A K I is the falling-mould of the scroll. From the point K, 
where the upper side B B of the plank intersects the upper 
edge of the falling-mould, draw the line K L. K L will be 
the place of the joint upon the falling-mould. Wrap the 
falling-mould around the block of the scroll when it is cut 
out, and the place and direction of the joint will be easily 
determined upon it from the joint-line K L. A perpendicular 
let fall from the middle of the joint-line K L upon the plan; 
when the mould is wrapped upon the block, determines the 
place of the joint B, fig. 4. 

In the case of winders at the commencement of a flight, 
as in the plan, fig. 2, Part I, the scroll rises more abruptly 
than in the example just given. The rule given, in Art. 5, 
for finding the place and direction of the joint, answers in 
this case as well as in that, the place of the joint approach- 
ing the point A of the plan. If the scroll rises very abruptly, 
it may be found necessary to use thicker materials, or to cut 
out the block to an oblique mould, elevating it at the point B. 
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CONSTRUCTION OF THE MOULDS OF A WREATH 

FOR A QUARTER-SPACE. 

THE FALLING-MOULD. 

6. ABC, fig. 4, plate 1, is the plan of a wreath, and 
the fig. 1 3 5 is the plan of the steps ; 2 3 and 3 4 are quarter- 
spaces, the circular ends of which, developed at the middle 
line of the plan A B of the wreath, are equal in length to the 
breadth of a common flyer. The steps and quarter-spaces are 
developed upon the line G H, and the falling-mould E D F 
is drawn parallel to the nosings or angles of this development. 
It maj be here remarked that it is not necessary, in anj case, 
to construct more than the middle Hne of the falling^mould. 
It is> however, conceived, that a clearer idea of the form of 
the wreath may be gained by giving the whole of the falling- 
mould ; it is, therefore, given entire. 

The line G H is the development or stretchout of the 
middle line of the plan ABC, the joint A corresponding with 
the point G, the joint B with the point 3, and the joint C with 
the point H. The perpendiculars erected upon the points G, 
3, and H, and cutting the middle line of the falling-mould, 
determine the places of the joints E, D, and F, upon the falling- 
mould. Produce the line G E to I, and through the point D 
draw the line D I parallel to the line G H. Divide the line 
D I into two parts, according to the directions given in Art. 
47, Part II, and from the point of division J let fall a perpen- 
dicular J L, cutting the middle line of the falling-mould in 
L. From the point L draw L K parallel to D I or G H, and 
cutting the line E I in K ; the points E, I, and K, are the 
relative heights of the middle line of the falling-mould at E, L^ 
andD. 

METHOD OF FINDING THE DIRECTION OF THE 
ORDINATES FOR THE CONSTRUCTION OF 
THE FACE-MOULDS. 

7. Let A F B, fig. 1, plate 1, be a quadrant of the plan 
of the wreath, similar to A B, ^g» 4, and let the middle line 
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A F B be drawn upon it. Join the points A and B, and 
upon the opposite sides of A B erect the perpendiculars A C 
and B D. Make the length of A C equal to the height E K of 
the falling-mould, fig. 4, and B D equal to the height K I, and 
join the points C and D, cutting the line A B in E. Upon the 
middle line A F B of the plan set off the point F, according to 
the division J of the line D I of the falling-mould, and through 
the points E and F draw the line E F ; E F is the direction of 
the ordinates of the plan of the wreath, as proved in Art. 6, 
Partn. 

THE ORTHOGONAL FACE-MOULD. 

8. Draw the quadrant of the plan AB, ^g, 3, plate 1. 
Draw ordinates A C, B D, &c., from the middle line of the plan 
parallel to the common section E F of fig. 1. Draw the line 
C E at right angles across the ordinates at any convenient 
distance from the plan A B, and make E D equal in length to 
the sum of the heights E K I of the falling-mould. Upon the 
hypotenuse C D erect the ordinates C L, D J, &c., each 
perpendicular to the line C D. Make the length of these 
ordinates equal to the length of the ordinates E B, A C, &c., 
drawn to the middle line A B of the plan. A curve drawn 
through the points J I L thus found, is the middle line of 
the orthogonal face-mould. 

9. The method of finding the breadth of the orthogonal 
face-mould has been explained in Art. 28, Part II. In the 
present example, the shaded figure drawn upon the line B D 
is a section of the square wreath, of the exact size that the 
hand*-rail is intended to be. The dotted square that is con- 
structed upon the hypotenuse C D produced, and which con- 
tains within it the shaded section of the square wreath, is of 
the s^me size that a section of the orthogonal solid would be, 
which would contain within its surfaces the square wreath. 
The dots drawn upon the line C D at D, are the middle points 
of the common and orthogonal face-moulds ; their use in the 
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application of the common face-mould to the orthogonal solid is 
explained in Art. 30, Part IL 

THE COMMON FACE-MOULD. 

10. Let A B, fig. 2, Plate 1, be similar to the plan A B, 
fig. 1, and draw ordinates AC, B D, F H, and G K, parallel 
to the line E F of fig. 1. At any convenient distance from the 
plan A B, draw C E at right angles across the ordinates, and 
from the point C draw C D, making the angle C D E equal to 
the angle C D E of hg, 3. From the points where the ordi- 
nates B D, AC, &c., cut the line C D, draw ordinates C L, 
D J, &c., at right angles to C D. Make the length of these 
ordinates equal to that of their corresponding ordinates upon 
the base D J to E B, C L to A C, &c., and through the points 
thus found trace curves, these curves are the outlines of the 
common face-mould. 

If the triangles denoted by the letters C E D, of figures 
2 and 3, are made to revolve upon their bases C E, until they 
stand perpendicularly upon the planes A C B E, the hypote- 
nuses C D will lie vertically over the lines C E ; and if the 
face-moulds J L, and the ordinates in connection with them, 
are then made to turn over, they will lie above the plan and 
ordinates A B, A C, and BE. Li which case the hypotenuse 
C D will be parallel to the major diameter of the cylindrical 
section ; and if a parallel to the hypotenuse were drawn 
through N, the point of intersection of the radii N I and N J, 
this line would coincide with the major diameter of the above 
section. 

CONSTRUCTION OF THE BUTT-JOINT LINES OP 

THE FACE-MOULDS. 

11. In the construction of the butt-joint lines of ahand-^ 
rail by the principles explained in Part 11, the plan of the 
joint is drawn upon the plan of the wreath, as at A, B, and C, 
fig. 4, plate 1. The angle that the plane of the butt-joint 
makes with a perpendicular line is determined by the aid 
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of the fidling-mould, as at E, D, and P, fig. 4, plate 1. The 
gvren angle E A B, in diagram, Art. 14, Part II, is the angle, 
foand as above, by the help of the falling-mould. 

In those eases where both quadrants of the plan of the 
stairs are similar to each other, the upper and lower parts of 
the falHng-moald are alike, and the face-mould is the same for 
both quadrants of the wreath, requiring merely to be re- 
versed. In which case, the plane of the butt-joint makes right 
angles with the hypotenuse D B of the triangle DAB, 
diagram. Art. 14, Part II; and, consequently, the joint-lines 
across the face-mould are obtained, as shown in diagram. Art. 
21, Part II, by drawing them 'at right angles to the produced 
radii of the cylindrical section, which is the particular case 
referred to in Art. 19, Part II. 

The formation of the butt-joint is, in the above case, ex- 
tremely simple ; the dihedral angle of the joint, or the angle 
which the plane of the butt-joint makes with the surface of 
the plank is a right angle, consequently the application of a 
joiner's square, after the joint-lines of the face-mould are 
obtained, is all that is necessary in making the joint. 

12. In diagrams 2 and 3, plate 1, are shown the methods 
of drawing the joint-lines across both ends of the face-mould. 
In %. 3, these lines are drawn through ordinates traced from 
the middle line of the plan at A and B to the points J and L 
of the middle line of the orthogonal face-mould ; and, in fig. 2, 
the joint-lines are drawn through the middle of the ends of 
the common face-mould. The lines J N and I N are the 
radii of the cylindrical section traced from the radii B F, G F, 
of the plan ; the point N corresponding with the centre of 
the quadrant F. The radius I N is produced to H, and J N 
to K, and the joint-lines J H and K L are drawn at right 
angles to them. 

In the common form of hand-rails, the part I L of the 
face-mould is generally straight, corresponding with the 
straight part A G of the plan. Where this occurs, a common 
square applied to the edge of the face-mould, gives the joint- 
line near enough for all practical purposes. 
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13. In the present and following examples^ the difference 
between the middle of the conimon and orthogonal &ce-*mould0 
at the vertex of the cylindrical section, is marked upon the 
hypotenuse by the points at O or D. The distance between 
these points is employed, as shown in Art. 40, Part II, in the 
application of the common face-mould to the orthogonal solid, 
for the purpose of bringing the solid into the cylindrical form. 

CONSTRUCTION OP THE MOULDS OF A WREATH 
FOR A HALE-SPACE CONNECTING STRAIGHT 
FLIGHTS. 

14. In the following example, fig. 1, plate 2, A B C is 
the plan and E F G the falling-^mould of a wreath. The 
steps J and K of the straight flights, and the half-space H I, 
are constructed to the development of the dotted middle line 
of the plan ABC; and the falling-mould is drawn to the 
nosing-line of this development. The plans of the joints of 
the wreath are at A, B, and C ; and the place of the middle 
joint upon the falling-mould is determined by producing tiie 
plan-line B of the middle joint to the point 3 of the falling- 
mould. The places E and G of the other joints A and C 
are determined upon the faUing-mould by making the dbtances 
B L and B M equal to the development of the dotted middle 
line of the plan from B to A and from B to C, and then erecting 
the perpendiculars L E and M G, cutting the middle line of 
the falling-mould in E and G. The lines E, F, and G, drawn 
at right angles across the falling-mould give the direction of 
the joints. 

15. In the present, as in the last ejcample^ both quadrants 
of the plan of the stairs are alike, therefore the upper and 
lower parts of the falling-mould are similar to each other, 
and one face-mould reversed serves for both quadrants of the 
wreath. 

16. The diagram for obtaining the relative heights 1 2 
and 2 3 of the falling-mould is constructed to the under side 



58 CONSTBUOTION OF MOULDS. 

of the falling-mould in this example, but its similarity to the 
diagram in fig. 4, plate 1, drawn for the same purpose, may 
be observed by referring to that figure. The object of drawing 
the diagram difierently in the present example from that of 
fig. 4, plate 1, is merely to show a different application to the 
same purpose of the same principles. 

The distance 1, 2, is the difierence of the heights of the 
points 6 and 5 of the middle line of the falling-mould ; and 
the distance 2, 3, is the difierence of the heights of the points 
5 and 3 of the above line. 

17. Make the quadrant A B, fig. 2, plate 2, similar to 
the plan A B, ^g. 1, plate 2, and join the points A and B as 
in the example, Art 7, Part III. Make the length of the 
perpendicular A C equal to 1 2, ^g. 1 ; make the length of 
B D equal to 2 3 of fig. 1, and join the points C and D. From 
the point where the line C D cuts the line A B draw E F to 
a point F, determined as directed in Art. 42, Part II ; E F is 
the direction of the horizontal ordinates required in tracing 
out the face-moulds. 

18. Fig. 3, plate 2, shows the orthogonal face-mould 
constructed in the same manner as directed for the orthogonal 
face-mould in Art 8, Part III. The ordinates A C, B D, &c., 
are drawn parallel to the common section E F, ^g, 2, the line 
E C is drawn at right angles to the ordinates, and the hypot- 
enuse C D is drawn through the point D, E D being made 
equal to the sum of the heights 1, 2, 3, of the falling-mould. 
Fig. 4 is the common face-mould constructed in the same 
manner as directed for the common face-mould in Art. 8, Part 
III, the hypotenuse C D, ^g. 4, being drawn parallel to the 
hypotenuse C D, fig. 3. 

The butt-joint lines of the above face-moulds are obtained 
in the same manner as directed for the joint-lines of the face- 
moulds in plate I. 
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CONSTRUCTION OF THE MOULDS FOR A 
WREATH OVER WINDERS. 

19. A B C, fig. 1, plate 3, is the plan of a wreath over 
winders, similar to the winders of the plan, fig. 2, Part I, 
and E D F is the falling-mould, constructed to the develop- 
ment of the middle line of the plan. 

The places of the joints upon the falling-mould are found 
in a manner similar to those of plates 1 and 2, and the relative 
heights of the different parts of the falling-mould are deter*- 
mined at E, K, and I, by the same process as that explained 
in Art. 6, Part HI. 

20. The direction of the ordinates of the cylindrical 
section is obtained by constructing ^g. 2, as directed for fig. 
1, plate 1 : — Make A C, fig. 2, plate 3, equal in length to 
E K, of fig. 1, and make B D, fig. 2, equal to K I, of fig. 1. 
Through the points C and D draw the line C D cutting A B 
in E, and make the distance A F, measured upon the middle 
line A B of the plan, fig. 2, equal to J I of the falling-mould. 
Through the points E and F draw the line E F ; this line 
gives the direction of the ordinates of the plan of the wreath 
as in the former examples. 

21. In fig. 3, A B is the plan of a quadrant of the 
wreath ; the ordinates B D, A C, &c., are drawn parallel to 
the line E F of fig, 2, and the hypotenuse C D is drawn 
through the point D, E D being made equal to the sum of 
the heights E K I of the falling-mould. The line C E, of 
fig. 3, is drawn as directed for the same line in former 
examples, at any convenient distance from the plan A B and 
at right angles to the ordinates ; and the orthogonal face-mould 
J I L is constructed as in former examples. 

22. Both quadrants of the plan of the stairs ABC, 
fig. 1, are alike^ consequently, both parts of the falling-mould 
E D and F D are alike, and face-moulds, therefore, for one 
quadrant only of the wreath are necessary. The joint-lines 
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J H and L K, drawn at right angles to the produced radii of 
the cylindrical section, as in the preceding examples, will be 
the joint-lines of the wteath. 

The common face-mould in the above example is not 
given, but the instructions given for the construction of the 
common face-moulds in the previous examples will enable the 
student to construct it without further explanation. 

CONSTRUCTION OF THE MOULDS FOR ONE 
QUARTER OF WINDERS AND A QUARTER- 
SPACE. 

THE PALLING-MOtlliD* 

23. In ^g. 5, plate 4, A B C is the plan of the wreath, 
A B the winders, S the quarter-space, and A and C flyers 
adjoining them. 

The development of the middle line of the plan of the 
wreath is drawn at G R H, and the development of the steps 
and of the nosing-line are shown at T U V. 

In this example, the two quadrants of the plan, and 
consequently of the falling-moulds, differ considerably from 
each other; and, therefore, separate face-moulds will be re- 
quired for each quadrant of the wreath. The middle Kne of 
the falling-mould is drawn parallel to the developed nosing- 
line T U V, and is merely eased off at the angles. 

The places of the joints upon the falling- mould are deter* 
mined, as in the previous examples, by the perpendiculars 
G- E, R D, and H F, cutting the middle line of the falling- 
mould at the points E, D, and F ; and the directions of the 
joints are determined by the lines E, D, and F, drawn at right 
angles across the falling-mould. 

24. As separate face-moulds are required in this ex- 
ample for each quadrant of the wreath it will be necessary 
to determine the relative heights of both the upper and the 
lower parts of the falling-mould. These heights are deter- 
mined by diagrams similar to those employed in the examples 
already given, the construction of which are as follows:— 
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Through the middle point D of the falling-mould draw the 
line I M parallel to G H, and cutting the perpendiculars 
erected upon G and H at the points I and M. Through the 
points J and L determined, as directed in Article 47, Part II, 
draw the perpendiculars J P and L Q. From the points P 
and Q, where these lines cut the middle line of the falling- 
mould, draw the parallels P K and Q N. The points E, K, 
and I, are the relative heights of the lower half of the falling- 
mould ; and the points M, N, and O, are the relative heights 
of the upper half. 

THE ORTHOGONAL FACE-MOULD. 

25. In the example before us the construction of the 
orthogonal face-moulds onlj are given ; these face-moulds are 
given to both the upper and lower quadrants of the wreath. 

Fig. 2 shows the face-mould of the lower quadrant of 
the wreath answering to the part E D of the falling-mould ; 
and fig. 4, shows the face-mould of the upper quadrant. 

In these examples the middle line only of the plan of the 
wreath is drawn, being all that is necessary in the construction 
of the orthogonal face-mould. If the common face-mould were 
constructed the outlines of the plan would of course be re- 
quired. 

In fig. 1, A F B is the middle line of the plan, corres- 
ponding with A B, fig. 5, the points A and B are joined by 
the straight line A B, and A C and B D are drawn at right 
angles to A B. A C is made equal in length to E K of fig. 
5, and B D to K I, and the points C and D are joined by 
the straight line C D. The distance A F of fig. 1, is made 
equal to the distance I J, fig. 5, and the line of horizontal 
ordinates E F is drawn, giving the direction of the ordinates 
B D and A C, of ^g. 2. The line C E, of ^g. 2, is drawn at 
right angles to these ordinates, and the line G D is drawn 
through the point D, E D being made equal to the sum of the 
heights E K I of the falling-mould. In fig. 3, we have the 
line A C made equal to N O of fig. 5, and the line B D to 
M N, the straight part A F of the plan corresponding with 
Q F of the falling-mould. The ordinates A C and B D of 
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fig. 4 are, as in the preceding examples, drawn parallel to 
the line E F, fig. 8, and E D is made equal to the sum of the 
two heights M N and N O. The shaded section of the square 
wreath and the dotted rectangle, showing the size of the section 
of the orthogonal soHd, are drawn at O, figs. 2 and 4 ; and 
the middle points of the common and orthogonal face-moulds 
are dotted upon the lines C D at 0, in the above figures. 

THE BUTT-JOINT LINES. 

26. In the preceding examples, plates 1, 2, and 3, the* 
construction of the joint-lines of the face-mould have required 
the employment of a particular case onlj of the general 
problem, described in Art. 14, Part 11. The present example 
requires the application of the above-mentioned problem in 
its general form. 

In Art. 17, Part II, the method of finding the plan of 
the intersection of the planes C D B and C A E of the tetra- 
hedron, diagram 19, is shown. In applying this to the con- 
struction of the butt-joint lines of a hand-rail, the plane C D B 
must be taken for the surface of the plank out of which the 
wreath is cut, and the plane E A C for the plane of the butt- 
joint. The common section E C of the plane of the butt-joint 
and the surface of the plank will be the joint-line upon the 
face-mould ; and the plan of this section, which is F C, will 
be the plan of the joint-line upon the plan of the wreath. 

In fig< 1, plate 5, I L C is the plan of a wreathe with 
the diagram I C J H K drawn upon it, for the purpose of 
determining the common section G H, Art. 10, Part IL The 
line C B, drawn through the middle joint of the plan, is made 
equal in length to C K, as shown by the circular arc K B, and 
C 6 is drawn at right angles to C B, meeting the ooounon 
section G H in G, and forming the base of the right angled 
triangle G C B. 

In fig. 2, plate 5, E D F is part of a falling-mould, and 
D B the direction of the middle joint-line drawn across it, 
making the angle A C B with the perpendicular A C drawn 
through the middle of the plan of the wreath ; the angle A C B 
is the given angle referred to in the problem, Art. 14, Part L 
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In fig. 1, plate 5, draw D C parallel to the common section 
G H^ and from the point D draw D A parallel to G 0. From 
the point A draw A E, making the angle B A E equal to 
the angle A C B of fig. 2. From the point £ draw E F 
parallel to A B, and join the points F and C. The line F C 
is the plan of the butt-joint line, which line traced with 
ordinates from the plan of the wreath, is the butt-joint line 
across the face-mould. 

Figs. 1 and 3, plate 4, show the construction of the butt- 
joint lines for the face-moulds J L of figs. 2 and 4. The lines 
B M are the joint-lines upon the plan, and the lines J N are 
the joint-lines, traced with the ordinates M N, upon the face- 
moulds. 

Fig. 2, plate 5, shows the construction of the joint-lines on a 
larger scale, and their relation to the angle A C B formed hj 
the perpendicular A C and the joint-line B D of the falling- 
mould. 

27. In referring to fig. 1, plate 5, it will be seen that the 
diagram C D B A is similar to the diagram C D B A of Art. 
17, Part II, hence the application of the above to the con- 
struction of the butt-joint lines. 

The joint-lines of the end L of the orthogonal face-moulds, 
figs. 2 and 4, plate 4, are not constructed as directed above ; 
the same general problem serves, however, for the construction 
of the joint-lines of either end of the face-mould. But in 
oases where a part of the plan of the wreath is straight, as 
stated in Art. 12, Part III, the joint-lines may be drawn at 
right angles across the straight end of the face-mould, or they 
may be drawn at right angles to the produced radii of the 
cylindrical section, as in the examples, plates I, 2, and 3. 

Before leaving the subject of the joint-lines, it may be 
remarked, that if the triangles G C B and H K C, fig. I, 
plate 5, are made to revolve upon their bases G C and H C, 
until their sides C B and C K become perpendicular to the 
plane G C H, their points B and K will coincide, and the lines 
G B, G H, and H K, will form a triangle, the plane of which 
will coincide with the surface of the plank. 
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WINDERS CONNECTING A LANDING AND 
A STRAIGHT FLIGHT. 

28. Fig. 1, plate 6, is an example of winders connecting 
a landing and a straight flight. It is a plan which is by no 
means recommended, but as it occurs, it is thought advisable 
to give the construction of the face- moulds for it. The middle 
line onlj of the falling-mould is drawn, being all that is in 
anj case necessary in the construction of the face-moulds of 
a wreath. * The places and directions of the joints are marked 
upon the falling-mould, and the relative heights of the falling- 
mould are found by diagrams as in previous examples. The 
positions of the diagrams drawn upon the falling-mould are 
varied in this example from that of plate 4, the relative heights 
of the different parts of the falling-mould are all given upon 
the middle line B A. 

29. The line G H, of fig. 2, is the common section or the 
direction of the ordinates of the lower quadrant of the wreath, 
and the angle B A E, made equal to B A E of the falling- 
mould, gives the joint-line F C. 

30. In fig. 4, plate 6, is shown the construction of the 
common face-mould of the lower quadrant of the wreath, in 
which the ordinates are drawn parallel to the common section 
G H, fig. 2, and the joint-line F C is drawn parallel to the 
joint-line F C of ^g. 2. Fig. 6, is the orthogonal face-mould 
of the same quadrant, constructed as directed for this mould in 
former examples. 

The small triangle B upon the plan of the wreath, fig. 4, 
is what is cut off from the plan by the plan of the joint-lines, 
and the small triangle A is what is added to it in the con- 
struction of the joint-lines of the plan. The triangles, traced 
to the face-mould, are shown at A and B, and the lines A B 
are what were given in the old methods of hand-railing as 
the joint-lines of the face-mould. It will be seen how erro- 
neous they were. It is indeed a matter of surprise that hand- 
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rails could have been constructed upon such erroneous prin- 
ciples, since the face-moulds were in all cases considerably too 
short ; workmen in their first attempts, almost invariably ex- 
perienced a failure, and only remedied the defects of the 
system by making random allowances where painful experience 
taught. 

31. Figs. 3, 5, and 7, plate 6, are the geometrical lines 
for the face-moulds of the upper quadrant of the wreath : they 
are constructed in every respect in the same manner as figs. 
2, 4, and 6, of the same plate. 



THE FACE-MOULD AND FALLING-MOULD OF A 
WREATH OVER AN ELLIPTICAL PLAN. 

32. As the last complete example of the construction of 
the face-mould that will be given an elliptical plan is selected, 
principally for the purpose of giving the construction of the 
butt-joint lines in accordance with the general problem, to both 
ends of the wreath. 

ABC, fig. 1, plate 7, is the middle Hne of the plan of 
the wreath : this plan is equally divided for winders ; and 
ABC, ^g. 2, is the development of the line ABC, fig. 1. 
The development of the steps is drawn upon the line ABC, 
and the falling-mould is drawn parallel to the nosing-line of 
this development. The relative heights, 1, 2, 8, of the first 
quadrant A B of the wreath are determined upon the per- 
pendicular 1 3, of ^g, 2, as in the previous examples. The 
curve 14 6, fig. 3, is the plan of the first quadrant of the 
wreath, and the Hues 1 2, and 6 3, are drawn at right angles 
to the chord 1 6. The line 1 2 is made equal in length to I 2 
of the falling-mould, the line 6 3 of fig. 3 to 2 3 of the falling- 
mould, and the points 2 and 3 are joined by the line 2 3 
cutting the chord 1 6 in the point 5. The curve 1 4 6 is 
divided into two parts at the point 4, and the line 4 5 is 
drawn ; this line is the common section described in Art. 10, 
Part II, and is consequently the direction of the ordinates 
1 C, 6 D, &c. 

F 
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The orthogonal face-mould E F is traced from these 
ordinates in the usual manner, and the breadth of it is obtained 
bj drawing a section of the square wreath upon the line 6 D, 
and inclosing it with the dotted rectangle drawn upon the 
hypotenuse C D, as directed in the previous examples. 

The face-moulds of one quadrant of the plan will, in this 
example, answer for the whole of the wreath, as all the 
quadrants A B, B C, &c., are alike ; and for the same 
reason the joint-lines are drawn at right-angles to the pro- 
duced radii of the cylindrical section, J E to J F and I F 
to I E, the radius E H being produced to I, and the radius 
F^H to J. 

33. Fig. 4, plate 7, shows the plans of the joint-lines 
of both ends of the face-mould constructed, on the principles 
explained in Art. 26, Part III, to the plan A D B of one 
quadrant of the wreath, the common section C D being found 
in the same manner as the common section 4 5, of fig. 3. If 
the quadrants of the plan vary from each other, the common 
section, or the direction of the ordinates, must be found for 
each quadrant of the wreath separately. 

In the present example the construction of the common 
face-mould is not given, but a reference to former examples 
will explain the method of constructing it : the plan of the 
wreath, and not the middle line, must of course be laid down 
in the construction of the common face-mould. 



GENERAL REMARKS. 

34. The foregoing illustrations of the construction of 
the face-moulds of a hand-rail it is presumed will be sufficient 
to conduct the student through the most difficult cases that 
can occur. In carefully examining them, it will be seen that 
the same general principles are employed throughout. If, 
therefore, a thorough knowledge of these principles is obtained, 
no difficulty will be experienced in adapting and applying them 
in every possible case. The method of obtaining the heights 
of the different points of the falling-mould, and the construe- 
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tion of the diagram for finding the common section, shown at 
Art. 10, Part II, are reduced to their simplest form. The 
construction of the cylindrical section from the common section 
referred to, avoiding the complexity of employing oblique 
ordinates, by drawing a base at right angles across the ordi- 
nates of the plan, and by this means constructing the section 
of the cylinder from ordinates drawn at right angles to the 
hypotenuse, leave nothing to be desired as regards simplicity. 
The construction of the butt-joint lines, according to the 
particular case demonstrated in Arts. 19 and 20, of "Part II, 
is perfectly geometrical, no method can be more simple or 
more easily applied. 

35. The construction of the dihedral angle and of the 
butt-joint lines, according to the general problem in those 
cases, where the two quadrants of the wreath vary in form 
from each other are given, that nothing may be wanted, and 
that no uncertainty may exist. But if in those cases the 
length of the face-mould is obtained, as in example. Art. 36, 
page 41, where the joint-lines across the face-mould are drawn 
through the ordinates E and F, the joint may be formed upon 
the bench, as will be explained, by an easy and a correct 
method, independently of the geometrical method given by 
the general problem. 

APPLICATION OF THE COMMON FACE-MOULD 

TO THE PLANK. 

36. In cases where the use of the common face-mould 
is preferred for cutting the wreath out of the plank the hypo- 
tenuse, from which the ordinates of the section are traced, or 
the line E F, fig. 31, page 41, must be laid parallel to the 
square edge of the plank ; and the bevel C K D, being marked 
upon the edge, will give the position of the face-mould on both 
sides of the plank. If the common face-mould, thus applied, 
does not lie in the required position, a temporary edge may be 
formed to the plank, the angle C K D being marked upon it ; 
and the line E F being laid parallel to it, as if it were the 

F 3 
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edge of the plank, the position of the face-mould will thus 
be determined on any part of the plank that we may choose. 
The application of the orthogonal face-mould, as before stated. 
Art. 28, Part II, is simple enough, and requires no expla- 
nation. 

APPLICATION OF THE FACE-MOULD TO THE 

ORTHOGONAL SOLID. 

37. Two methods of bringing the orthogonal solid into 
the cylindrical form have been noticed in Arts. 30 and 31, 
Part II. The first of these needs no elucidation ; but of the 
second, as several geometrical lines are employed, one complete 
example on an enlarged scale will be given. 

Example. In plate 8, A B and E F are the plans of 
one quadrant of a wreath ; in fig. 1 the orthogonal face-mould 
is shown at C D, and in fig. 2 the common face-mould is 
shown at G II. The joint-lines of these face-moulds are 
drawn at riglit angles to the produced radii of the cylindrical 
section, and the lines C D and G H are drawn parallel to the 
hypotenuse, at ec^ual distances from the centres 3 and J of 
the quadrants. The ordinate 3, of fig. 1, and its corresponding 
ordinate I J, of fig. 2, are drawn through the centres 3 and 
J of the quadrants ; these lines are made use of in applying 
the common face-mould to the plank, in the manner described 
in the last Article. Their use in the orthogonal system are 
to determine the position of the common face-mould upon the 
two opposite sides of the orthogonal solid. 

38. Fig. 3 is the orthogonal face-mould, constructed at 
^g. 1 ; and Gg. 4 is the common face-mould, constructed at 
iig. 2, The lines A B, drawn upon these face-moulds, are 
similar to the lines C D and G II, drawn upon the face- 
moulds at figs. 1 and 2. Fig. 5 is the orthogonal solid, cut 
out by the orthogonal face-mould, fig. 3, with the line A B 
drawn upon it similar to the line A B upon the face-mould, 
fig. 3. The lines 1 1, drawn across the face-moulds 3 and 4, 
are in tlie same position as the ordinates J and 3, drawn 
across the face-moulds in figs. 1 and 2 ; and the line 1, drawn 
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at right angles across the edge of the solid, fig. 5, is the same 
line transferred from the orthogonal face-mould to the solid. 
The object of drawing these lines is, as before stated, to deter- 
mine the position of the common face-mould when applied 
to the orthogonal solid. Figs. 6 and 7 exhibit the orthogonal 
solid with the common face-mould applied to both its upper 
and lower sides. 

89. Before we can apply the common face-mould as 
above exhibited, we must find the distance between the middle 
of the common and orthogonal face-moulds, at the vertex of 
the cylindrical section, or, in other words, the distance that 
the common face-mould must be moved upwards or downwards 
upon the orthogonal solid to produce the requisite cylindrical 
form. The method of finding this distance is given in Art. 
40, Part II, and the distance is exhibited in fig. 1, plate 8, at 
the points 1 2 ; the point 1 being the middle of the common, 
and the point 2, the middle of the orthogonal face -mould. In 
figs. 6 and 7, the lines 2 2, drawn across the edge of the solid, 
are the same as the line 1 of ^g, 5, they are transferred from 
the ordinate drawn across the orthogonal face-mould. 

40. In figs. 6 and 7 set off the distance 1 2, equal to the 
distance 12 of fig. 1, and set off the distance 2 3 in the same 
manner : these distances should be set off upon the flat side of 
the orthogonal solid and not upon the curved edge, or a trifling 
error will in consequence occur. The oblique lines drawn 
upon the edge of the solid to the lines 1 and 3 give the pitch 
of the plank ; these lines would be vertical if the solid were 
placed in its proper position over the plan. The points 1 and 2 
of ^g. 1 vary in distance from each other with the thickness 
of the plank, receding from, or approaching towards each 
other, as the plank employed is increased or decreased in 
thickness ; if the plank were without thickness, the points 
would then coincide with each other. Hence the necessity of 
setting off the exact thickness of the plank that is to be em- 
ployed, before proceeding to determine the distance of these 
points. 
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The lines A B, drawn upon the face-mould, and also upon 
both sides of the solid, determine the places of the face-mould 
upon the solid, as shown in figs. 6 and 7, where, on one side 
of the solid, the line drawn across the face-mould is brought to 
the line 1, and on the other side of the solid it is brought to 
the line 3, the line A B of the face-mould coinciding with the 
line A B of the solid in both positions of the face-mould. 

41. In those eases where the face-mould overhangs the 
solid, the form of the face-mould cannot, of course, be marked 
upon the solid, but as the mark invariably falls upon the solid 
on one side, at the point where on the opposite side the face- 
mould overhangs the solid, we can always determine the cylin- 
drical form by fixing the face-mould upon the solid where the 
marks do not occur. The face-mould may be fixed upon the 
solid in the bench vice, or by any other means, and when thus 
fixed, the superfluous parts of the solid may be worked off. 

The plane, termed a round, is employed on the concave 
side of the solid, and the solid is formed with the round 
worked parallel to the oblique line drawn upon the edge of the 
solid. The convex side of the solid is formed in a similar 
manner, being worked to the face-mould on one side, and to the 
mark of the face*-mould upon the other. The convex, as 
well as the concave side, must be worked in straight lines 
parallel to the oblique line upon the edge of the solid. 

FOEMATION OF THE BUTT-JOINT. 

42* The solid being worked into the cylindrical form, 
according to one of the processes above explained, we have 
the vertical sides of the wreath formed. But before proceeding 
to square the wreath from these vertical sides, it will be ne- 
cessary to bring the joints of the wreath into scmiething like 
their proper form. The joint-lines of the face-mould are 
marked upon the fiat surfaces of the plank, and these surfaces, 
and consequently the joint-lines upon them, woidd be destroyed 
in the process of squaring the wreath, hence the necessity of 
jointing the wreath before the above process is completed. 

In those examples where the upper and lower quadraats 
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of the wreath are alike, let the end of the solid be cut to the 
joint-line of the face-mould, and let it be worked to a square, 
applied to the flat surface of the plank. The corresponding 
ends of the solids being brought together, thus prepared, 
and the vertical sides of the solids being made to coincide, 
we have the parts forming the wreath in their proper position 
with regard to each other. The middle points of the ends of 
the two solids should be made to coincide exactly with each 
other, as both the common and orthogonal face-moulds are 
constructed to the middle of the wreath. 

43. When it occurs that the upper and lower quadrants 
of the wreath vary in form from each other, a process differ- 
ing slightly from the above must be adopted in forming the 
joint. The face-moulds are, as above stated, constructed to 
the middle of the wreath, and not to the surface of the plank ; 
if, therefore, the solids forming the wreath, were cut off 
square to the joint- lines drawn upon the surface of the plank, 
when the dihedral angles of the joint are not right angles, the 
wreath would, in all probability, be too short, or the plane 
of the joint would not be in its proper position. The solids 
must therefore be cut somewhat longer than the joint-lines 
drawn upon the surface of the plank denote, to make allowance 
for the oblique dihedral angles formed by the planes of the 
butt-joint and the surface of the plank ; the face-mould giving 
the length of the solid, in the above case, in the middle point 
only of the wreath. The allowance of length needs not in 
any case to be large, for the dihedral angles above-mentioned 
never vary to any extent from right angles. 

In finding the dihedral angles by the method given in 
Art. 18, Part II, it must be borne in mind that the angles of 
the upper and lower quadrants of the wreath are not alike, 
a separate process must therefore be gone through for each 
quadrant. But, as stated in Art. 35, Part III, the dihedral 
angles need not to be constructed in the formation of the 
joint 5 they involve a problem of some difficulty, and require 
great care and precision in the construction of them, and, 
after all, a single stroke of the jointing-plane might destroy 
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all that geometrical accuracy which so much pains had been 
taken to preserve. 

FORMATION OF THE WREATH. 

44. After the cylindrical solid is produced, and the ends 
of it are cut to the joint-lines of the face-mould, proceed to 
square the wreath as directed in page 44 : or the wreath may 
be formed with practice at once from the cylindrical solid, 
without going through the process of squaring ; a section of 
the moulded wreath being marked upon the middle of each end 
of the cylindrical solid, the vertical sides of the solid giving 
the positions of the section. But to those who are not in the 
habit of constructing hand-rails, the safest method to be pur- 
sued is to properly square the wreath, and then to mark the 
moulded section upon the ends of it thus squared. When 
the solid is squared, draw lines parallel to its arrises : the 
arrises being worked off, the wreath may be moulded ac- 
cording to the moulded section marked upon the ends of the 
solid. 

DETERMINATION OF THE SIZE OF THE LEAST 
SOLID THAT WILL CONTAIN THE WREATH. 

45. In determining the size of the least solid that will 
contain the wreath, it is necessary to show that the angle 
A D E, fig. 27, Part 2, or the angle formed by a base drawn 
at right angles across the ordinates, the perpendicular A D, 
and the hypotenuse E D, is less than any other angle that can 
be formed by an hypotenuse, the same perpendicular and any 
other base drawn across the ordinates. 

46. Pkoposition. The shortest line that can be drawn 
from any given point to a given line, is that which is drawn 
at right angles to the given line from the given point. 

Let A C, fig. 36, be a straight line, and B a point at any 
distance from it ; A B drawn from the given point B to the 
line A C, and at right angles to A C, is the shortest line that 
can be drawn from the point B to the line A C. 
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Let B C be drawn obliquely to the line A C, the lines 
AC, A B, and B C fonn together a triangle right-angled at 
A. By the thirty-second proposition, Book I, Euclid, the 
three angles of a triangle are together equal to two right 

angles, and, by construction the angle 
at A is a right angle, the angle at C 
is therefore less than a right angle, and 
by Euclid, proposition the 18th, Book 
I, the greater side of a triangle is 
opposite to the greater angle, there- 
fore, the side B C is greater than the 
side B A, being opposite to the angle 
A, which is greater than either of the 
other angles B or C. By the above 
means it can be proved that every other line drawn from B 
to the line A C is greater than the line B A which is drawn at 
right angles to the line A C. 




FIG. 36. 



47. Proposition. Let C D be a straight line, C A a 
line drawn at right angles to C D, and A D a line drawn 
obliquely to C D. Let A B be a line drawn at right angles to 
the plane A C D, and let C B and D B be joined ; the angle 
C B A is less than the angle DBA. 

By Art. 46, the shortest line that can be drawn from a 
point to a line is that which is drawn at right angles to the 

given line. The line A C is drawn 

from the point A to the line 

C D, and at right angles to C D, 

it is, therefore, shorter than A D, 

which is drawn obliquely from 

the point A to the line C D. 

By Euclid, prop. 21, Book I, the 

greater angle is subtended by the 

greater side, consequently the 

less angle is subtended by the 

Fio. 37. less side, and it is shown that 

the side A C is less than the side A D, therefore, the angle 

C B A is less than the angle DBA. In the same manner 
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it may be proved, that the angle C B A is less than any other 
angle that can be formed at £ by any other line drawn from 
BtoCD. 

48. Froto the two last propositions it will be seen that 
the angle at D, fig. 1 6, page 27, is less then any other angle 
formed by the perpendicular B D, and an hypotenuse drawn 
to any other base than B C. The angle at D, fig. 16, or ^g. 27, 
is the angle that the surface of the plank makes with a per- 
pendicular at the vertex of the cylindrical section. This is the 
point of greatest difference between the winding surface of the 
Wreath and the surface of the plank out of which it is cut. If, 
therefore, the oblique secticm of the plank will, at this point, 
contain a section of the Wreath, we may with certainty con- 
<dude that every other section of the plank will amply 
contain it. 

From the above reasons the angle at the vertex of the 
<jylindrical section has been chosen as the point for deter- 
mining the sections of the oblique and orthogonal solids, as 
shown in &g, 27, and in all the examples given in the plates. 

49. The surface of the wreath and the surface of the 
plank are parallel to each other at the point Where the ordi- 
nates cross the curve of the face-mould at right angles. Con- 
sequently, this is the point of least difference between the 
positions of the two surfaces, a less thickness of plank, would, 
therefore, be required here than at any other point. 

JOINING THE WREATH UPON THE BENCH. 

50. In Art. 42, Part III, is given a method of joining 
the parts of the wreath, when the upper and lower quadrants 
ttre both alike. But when the parts differ from each other, the 
above method cannot be applied, and even when it is applied, 
the slightest inaccuracy in joining the parts is capable of 
throwing the wreath considerably out of its place. So that 
some check is necessary by which we can ascertain whether 
the parts of the wreath when joined together pass through the 
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proper heights, or whether they vary from the form intended 
to be produced. In referring to any of the faUing-^moulds, in 
the examples given in the plates, it will be recollected that the 
points through which the quadrants of the wreath pass are 
determined by the falling^moulds, and the distances of these 
points from each other are, in consequence, determined at the 
same time. Kow three of these points are situated in the 
middle points of the joints of the wreath, and consequently, 
if the joints are accurately preserved, as given by the face* 
moulds, we can always refer to them in putting the parts of 
the wreath together. In plate 9, figs. 1 and 2 exhibit the 
upper and lower quadrants of a wreath, squared and ready to 
be joined together. The parts D E and F G, fig. 4, are the 
two quadrants of the wreath, brought into their proper posi-» 
tions, preparatory to being put together. Fig. 3, shows the 
same parts joined, the rod A B giving the distance between 
the points A and B. 

51. In plate 9, E F, fig- 5, is a drawing-boatd, upon 
which is shown a squared wreath put together. The part D 
of the wreath lies upon the drawing-board, and the part A C 
is raised above the board by the blocks B B, which blocks are 
made equal in height to the part D of the wreath added to the 
diameter of the well-hole. It will be observed, that by thi» 
arrangement the parts of the wreath, if properly put together^ 
will lie evenly upon both the drawing-board and the blocks ; 
the rod A D determining the distance at which the points 
A and D of the wreath must be kept from each other. So 
that if the lengths of the parts of the wreath are obtained we 
can fit them together, and determine whether they are in their 
true position or not by applying the rod, and observing the 
manner in which they lie upon the drawing-board and blocks. 

THE JOINTING ROD. 

52, The method of determining the length of the rod 
A B of ^g. 3, or A D, ^g. 5, plate 9, is as follows : Let A B 
&g. 2, plate 10, be part of a falling-mould with the joint-lines 
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of the wreath drawn across it, the line A being the joint-line 
of the lower end, as at A, fig. 3, plate 9, and the line B, the 
joint-line of the upper end of the wreath, as at B, fig. 3, 
plate 9. Through the middle of the line A, draw the hori- 
sontal line A D, and from the middle of the line B, let fall 
the perpendicular B D ; the line B D is the difference of the 
perpendicular heights of the middle points of the two joints 
A and B. But in applying the rod A B, ^g. 3, plate 9, to the 
wreath, when the wreath is joined, it will be seen that it is 
brought to touch the concave sides of the wreath at the points 
A and B, the rod lies, therefore, obliquely across the well-hole. 
Upon the line A D, let a plan of the wreath be drawn as D C, 
fig. 2, plate 10, and from the point C, the diameter of the 
well-hole, draw the oblique line C E. The line C E is the 
length of the rod to be employed. The length of the rod, 
which may be termed the jointing-rod, can be determined in 
every case where a falling-mould is constructed. For example, 
in fig. 4, plate 1, the difference of the heights of the middle 
points of the joints E and F, gives the perpendicular distance 
of the points from each other, and by constructing a diagram 
similar to that shown in ^g. 2, plate 10, the length of the rod 
may be ascertained. Having determined the length of the 
rod, there can be no difficulty in applying it in the process 
of joining the wreath. The planes of the joints ought to be 
made at right angles to the curves of the wreath, and the hand- 
rail screws should, when inserted, be perpendicular to these 
planes, or the parts of the joints may be displaced in 
tightening the screws. 

THE SCROLL. 

53. Fig. 1, plate 10, shows a scroll with part of the 
straight rail joined to it ; the part A is kept in an horizontal 
position, and the part B is brought into the rake of the pitch- 
board P. Li the scrolls that are constructed over winders, 
the rake of the pitch-board cannot always be applied as it is 
shown in fig. 1, the hand-rail in such cases following the steps 
in the same manner as a wreath. 
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THE MITRE-CAP. 

54. The terminations of hand-rails are sometimes effected 
by what is termed a mitre-cap. The mitre-cap is a circular 
block of wood of greater diameter than the breadth of the 
hand-rail, turned to a form that will make a proper inter- 
section with any oblique section of the hand-rail that maj be 
determined upon. In fig. 3, plate 10, the shaded part 1 2 
is a transverse section of an oval rail described from the 
centres 1, 2,' 3, 4 ; the flat part, or underside of the hand-rail 
at 1, is formed by cutting off the oval at the point A, where 
the curve is cut by the perpendiculars drawn through the 
centres 3 and 4. The large circle L H K is the outline of 
the mitre-cap, a section of which through the centre is re- 
quired of that form which will intersect with the hand-rail cut 
to any given mitre. 

Let the given mitre at which the hand-rail is to be in- 
serted in the mitre-cap be LEG. Draw the line 2 1 E, 
through the centre M of the mitre-cap, and through the middle 
of the section of the hand-rail. Find the mitre section, or 
the form of the section of the hand-rail upon the mitre-line 
E C, by drawing the ordinates 12, A B, &c., prolonging them 
to the mitre-line E C, erecting the ordinates C D and E F, 
and drawing the curve F D C ; the length of the ordinates 
C D and E F being made equal to their corresponding ordi- 
nates A B and 1 2. 

The section of the mitre-cap is traced from the mitre-sec- 
tion in the following manner : — Draw the semi-diameter M G 
of the mitre-cap at right angles to the line M 2 ; from the centre 
M describe the arcs E I and C G, and upon the points I and 
G erect the perpendiculars I K and G H. Make I K equal 
in length to E F, and G H equal to C D, and trace the curve 
G H K and continue it to the line 2 M. M G H K is the 
section of the mitre-cap that will form a proper intersection 
with the given mitre of the hand-rail. 

The hand-rail may be cut to the mitre, and the mitre- 
section may be marked upon C E by laying the rail, cut as 
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above directed, upon the line C E, and drawing the line F D C 
hj it without the necessity of tracing out the section. 

The mitre-cap may be of any convenient diameter, not 
less than the breadth of the hand-rail, and the hand-rail may 
be of any form most suitable for taste and convenience. 

VENEERED HAND-RAILS. 

The veneered hand-rail is sometimes employed, in which 
case the core of the hand-rail is formed of deal, and the veneer 
of the straight parts of the rail is made pliable by being sub- 
jected to the action of steam in a closed tank. While the 
veneer is hot, it is withdrawn by degrees from the tank, and is 
wrapped and tied upon a piece of wood of the same shape as 
the core of the hand-rail, and after drying it, it is glued upon 
the core. 

The core of the wreath is constructed upon the same 
principles as the wreath of any other hand-rail, and may be 
got out by the orthogonal system. The form of the hand- 
rail being entirely dependent upon the form of the core, it is 
necessary to bestow as much care upon the formation of the 
core as upon the formation of a hand-rail that is not to undergo 
the process of veneering. 

The veneering of the wreath is accomplished by cutting 
the veneer into shreds about three-sixteenths of an inch broad, 
with a cutting-gage, and gluing five or six at a time upon the 
core of the wreath. They are placed upon the core side by 
side, in the same order as they are cut from the veneer, com- 
mencing at one end of the wreath, and glueing and tying them 
on with a cord as the work proceeds. A chisel driven into 
the core serves to bring them together in the process of tying 
them on. When they are suflSciently dry, five or six more are 
put upon the core in the same manner, and so on until the 
whole is covered. In putting the veneers upon the wreath 
steam is brought to play upon them by a nozel attached to a 
pipe with a universal joint. 

The joining of the veneers of the wreath with the veneers 
of the straight part of the hand-rail is accomplished after the 
band-rail is fixed in its place. The veneers of the wreath are 
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left loose for three or four inches from the end of the core, 
and they are also left longer than the core in order to over- 
lap the joining of the cores of the wreath and the straight part 
of the hand-rail. After the hand-rail is fixed, the narrow sHps 
are cut from one edge only to a point, and they are then let 
into the veneer of the straight part, forming what is termed a 
dog-toothed or forked-joint. When the whole of the veneers 
are thus prepared, they are glued and tied down in their places, 
the joinings of the veneer being well rubbed with the hammer^ 
or any other convenient instrument, for the purpose of uniting 
the grains of the wood and closing the joinings. The scroll 
of the veneered hand-rail is constructed of the same materials 
as the veneer ; it is not veneered except at that part termed 
the shank, which may or may not be veneered as most con- 
venient. The forked joint is employed in uniting the veneer 
and the scroll in the same manner as is described for joining 
the veneers of the wreath and of the straight part of the hand- 
rail. The carved scroll is well adapted for the veneered 
hand-rail, as the joining of the veneer may be neatly accom- 
plished at the junction of the plain and carved parts of the 
scroll, or beneath the foliage of the carved work. 

Any of the fancy woods may be employed in the veneered 
wreath, but the darker coloured seem more fit for the purpose 
than any other. Rosewood or mahogany, for instance, when 
the veneering is well executed, show but little of the joinings 
of the veneer. The hand-rail in such cases appears as if con- 
structed of one entire piece, and has a very beautiful effect. 
Oak, so ill adapted for the wreathed hand-rail, on account of 
the parts where the grain of the wood is crossed having so 
different an appearance from the rest, may be most advan- 
tageously employed in veneers, where no such objection can 
arise. 

The apparatus employed in the veneering process need not 
to be of an expensive nature ; any vessel in which steam can 
be generated in suflScient quantities serves the purpose. The 
pipe leading from the steam generator should be clothed, so as 
to prevent as much as possible the radiation of heat, as he^t is 
the essential requisite in the process. 
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FORMS OF HAND-RAILS. 

Hand-rails are made of various forms, depending upon the 
taste of the designer or the work with which they are in- 
tended to correspond ; for instance, in gothic work, hand-rails 
partaking of some gothic form are commonly employed. In 
common practice the o-gee, or the oval form, is commonly 
used. The oval form is perhaps more easily constructed than 
any other, the moulding of the wreath requiring but little 
greater skill than the moulding of the straight parts of the 
hand-rail, in consequence of which this form is extensively 
employed. The method of describing the oval rail is shown 
in fig. 3, plate 10. 

It would be useless, however, to attempt to lay down 
rules for giving the forms of hand-rails, the two grand objects 
to be attained are ornament and adaptation to the purpose, 
neither of which must be sacrificed for the attainment of the 
other. 



THE END, 



T. C. Johni, Wine Office Court, Fleet Street. 
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